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ABSTRACT  (C) 


As  a  result  of  production  engineering  changes  to  reduce  the  cost  of 
fabricating  the  inert  parts  of  the  XM5  wrhead,  three  XI^i^ES  warheads  in¬ 
corporating  the  changes  were  subjected  to  fragmentation,  b]ast  and  drop 
tests  to  determine  whether  the  incorporations  would  detrimentally  affect 
the  established  funetione.!  or  safety  requirements. 

Fragmentation  tost  results  indicated  Lliat  the  i.tiss  dj  sir  Ibubion  of 
the  fi’agieents  of  the  v/arhead  was  compai'ablc  with  that  of  the 

i.’aiiiead.  Initial  fraf^nent  velocity  from  the  >1'15E3  ■'^arlioad  Gha\7od  an  in¬ 
crease  of  315  foot  per  second  over  the  XM5E1  warhead.  Tlie  safety  arming 
(S‘’.-A)  liner  and  booster  cavity,  a  one-piece  design  which  provides  the 
initial  velocity  from  this  section  of  the  XM5E3  warhead,  showed  an  in¬ 
crease  of  500  feet  per  second  over  the  XM5E1  warhead. 

Previous  blast  test  of  the  XM5  warheads  sho\;ed  that  the  flame  front 
or  jet  stream  caused  the  electronic  gages  to  give  erratic  results.  A 
new  technique,  tentatively  called  the  photographic  fence  technique,  was 
included  to  supplement  the  usual  instrumentation.  Results  of  the  fence 
technique  indicate  blast  pressures  to  be  about  30  psi  at“a  distance 
of  20  feet. 

'llic  Mi5E3  warhead  did  not  detonate  when  dropped  onto  armor  plate 
from  a  height  of  Uo  feet,  but  was  rendered  unserviceable. 

Test  results  show  that  the  incorporation  of  production  engineering 
changes  in  the  XM5E3  wnhead  did  not  detrimentally  affect  the  established 
functional  or  safety  requirements. 


-  V'c  r.'‘.tloaaL 
,  of  tho 


0.1  i-i  f 


, .  J  .a.id 
its  conLontS 
uro.hibited 


It  is  recommended  that  the  production  engineering  changes  he  adopted. 

In  future  detonations  of  the  XM5  varheads,  electronic  measurements 
of  the  blast  should  be  made  at  a  distance  of  25  feet  or  greater. 
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ANNEX 

DRAWING  OF  WARHEAD,  GUIDED  MISSILE,  XM5E3 
INDIVIDUAL  FRAGMENT  WEIGHTS 
AMMUNITION  DATA  CARDS 


(The  Annex  is  on  file  in  the  Technical  Library,  APG,  for  reference 
purposes.  Copies  of  the  Annex  may  be  fiimished  to  recipients  of 
this  report  upon  request.) 


1.  (c)  INTRODUCnCW 


Bie  XM5  varhead  design  for  the  Hawk  guided  missile  is  roiighly  barrel-shaped. 
Approximately  I7OO  preformed  steel  fragments  are  cemented  between  two  shells  of 
re sin- impregnated  glass  cloth.  As  a  result  of  production  engineering  studies, 
several  changes  were  made  in  the  design  of  the  warhead  to  reduce  the  cost  of 
fabricating  the  inert  parts.  Figure  1  illustrates  the  present  design  of  the 
XM5E3  warhead.  A  comparison  of  the  cra^wnent  parts  of  the  XM5E2  eind  the  design 
changes  made  \diich  resulted  in  the  XM5E3  is  given  underneath  the  figure. 


~  12. m/ixr. 


Figure  1  (u):  XM5E3  Wartiead  Inert  Parts  Assembly. 
XM$E2 _  _ XM$E3 


Plastic  laminated. 
Aluminum  « 


Outer  Body 

Fore  Plate 


Epoxy  resin  coating. 


Glass  Fibre . 

S&A  Idner  eind  Booster  Extension 


Separate  components.- 


Plastic  laminated  material. 


Inner  Body 


One  piece  design. 
Glass  fiber  compound. 
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The  following  components  of  the  XM5E3  were  fabricated  in  halves  and 
then  molded  into  an  integral  \mit  by  a  compression  process: 


After  plate 
Inner  body 
Locator  well 
Locator  bushing 


Forward  plate 

Forward  reinforcement  ring 
After  reinforcement  ring 
Helix  fragment  support 


A  test  of  the  production  engineering  changes  to  the  XM5E3  warhead  was 
required  prior  to  acceptance  of  the  XM5E3  warhead  to  determine  what  detri¬ 
mental  effects,  if  any,  would  occur  as  a  result  of  the  production  engineer¬ 
ing  changes.  The  XM5E3  warhead  was  required  to  produce  fragment  velocities, 
fragment  distribution  and  blast  pressures  in  a  static  test  that  were  not 
significantly  different  from  those  obtained  with  the  XM5E2  (reference  APG 
Firing  Record  B-l4l72).  In  addition  the  warhead  was  required  to  withstand 
a  40-foot  drop  onto  armor  plate  without  detonation. 


2.  (C)  DESCRIPTION  OF  MATERIEL 


Warhead,  Guided  Missile,  XM5E3,  loaded  with  approximately  73  pounds  of 
H-6  explosive,  and  boostered  with  862  grains  of  RDX,  Manxifactured  by  Aerojet 
General  Corporation,  Lot  No.  01,  Units  15,  l6  and  17 . 

The  safety  and  arming  cavity  discussed  throughout  this  report  is  an 
opening  5*59  inches  long  by  2.46  Inches  wide  eind  1.49  inches  deep  in  the  side 
of  the  warhead,  into  which  the  safety  and  arming  fuze  is  inserted.  The 
safety  and  arming  fuze  was  not  used  during  these  tests.  Aerojet  Drawing 
No.  I-O56386  in  the  Annex  of  this  report  shows  the  safety  and  arming  cavity. 

Ordnance  Corps  ammunition  data  eind  lot  description  sheets,  appear  in  the 
Annex  of  this  report. 


3.  DETAIIS  OF  TEST 


3.1  Drop  Test 

3*1.1  (U)  Procedure .  In  conducting  this  test  a  drop  tower  (Figure  2) 

60  feet  in  height,  equipped  with  blocks,  hooks  and  a  700-foot  cable,  was 
used.  The  warhead  was  attached  to  the  hook  by  means  of  a  manila  rope  so  that 
the  Impact  would  occur  on  the  safety  and  arming  cavity.  A  shearing  charge 
(blasting  cap  with  Composition  C-3)  was  attached  to  the  manila  rope  midway 
between  the  hook  and  warhead  (Figure  3)*  Lead  wires  were  attached  to  the 
blasting  cap.  A  hoist  raised  the  warhead  to  a  height  of  40  feet.  Hie  shear¬ 
ing  charge  was  detonated  by  energizing  the  firing  line  by  means  of  a  blasting 
machine;  this  severed  the  manila  rope,  allowing  the  warhead  to  fall  freely  in¬ 
to  the  drop  pit  (Figure  4)  and  Impact  on  the  armor  plate  (lO  feet  by  10  feet 
by  3  inches  in  size). 


eBHHMWilAL 


Figure  2  -  A9050I  (u):  Drop  Test  Tover. 


Figure  3  -  59T3255J  Test  Arena  and  Warhead  Rigged  for  Drop  to  Impact 
on  S  and  A  Cavity. 


if 


Figure  4  -  A90502  (U):  Drop  Pit. 


After  a  waiting  period  of  I5  minutes,  the  warhead  was  examined 
for  deformation,  fractures  and  functioning  of  the  explosive. 

3.1.2  (C)  Results.  Qhe  warhead  did  not  detonate  when  dropped  from  a  hel^t 

of  40  feet.  Impact  occurred  with  the  longitudinal  axis  of  the  warhead  approxi¬ 
mately  45  degrees  from  horizontal  with  the  safety  and  arming  cavity  facing  down. 
The  warhead  broke  into  several  pieces  as  shown  in  Figure  5*  Explosive  and  frag¬ 
ments  were  scattered  over  the  bottom  of  the  drop  pit  (Figure  6).  The  safety  and 
arming  liner  and  booster  extension  broke  into  numerous  pieces,  as  shown  in  Figure 
7.  Bie  warhead  was  rendered  unseirviceahle . 

The  results  of  the  drop  test  of  the  XM5  waihead  (reference  APG 
Firing  Ptecord  B-l4l42)  showed  that  no  detonation  occurred  when  the  warhead  im¬ 
pacted  on  the  armor  plate  from  a  height  of  40  feet.  The  outer  and  inner  case 
broke,  expelling  fragments  and  exposing  explosive.  The  warheads  were  rendered 
unseirviceahle . 


Figure  5  -  59T3257:  Damaged  Warhead;  Broken  Booster  and  Cruniblsd  Explo¬ 
sives,  after  Impact  Onto  Armor  Plate  from  a  Heigjht  of  40  Feet. 


Figure  6  -  59T3256:  Damaged  Waihead  after  Impact  Onto  Armor  Plate  from 
a  Heigtit  of  40  Feet. 


Figure  7  -  59T2358:  Damaged  Warhead;  Broken  Serfety  and  Arming  Cavity, 
after  Impact  Onto  Armor  Plate  from  a  Height  of  1+0  Feet. 


3.2  (C)  Static  Detonation  Test 


3.2.1  General.  Two  warheads  were  tested  statically.  Hie  warheads  were 
assembled  with  fll^t  skirt  and  mounted  on  a  pedestal  in  the  center  of  the 
test  arena.  Each  warhead  was  positioned  with  its  longitudinal  axis  parallel 
to  and  located  10  feet  above  the  ground  (Figure  8).  The  position  of  the 
safety  and  arming  cavity  was  directed  upward .for.  the  first  round  and  rotated 
90°,  facing  the  numbered  mild  steel  plates,  for  the  second  round.  Hie  war¬ 
heads  were  positioned  10  feet  above  the  ground  to  facilitate  the  blast 
measurements.  Detonation  of  the  warheads  was  accomplished  by  means  of  two 
blasting  caps,  electric,  type  II,  wired  parallel  with  the  firing  line.  Hie 
caps  were  placed  in  the  safety  and  arming  cavity  on  the  booster  leads  and 
initiated  by  a  120-volt  power  source.  Figure  9  gives  a  comprehensive  layout 
of  the  test  and  instrument  setup. 


3.2.2  Fragmentation  Phase 


3. 2. 2.1  Procedure.  The  fragment  velocities  and  spatial  distribution  of 
fragments  were  determined  from  k-  by  8-foot  mild  steel  plates  3/8  inch  thick. 
The  plates  were  erected  vertically  on  an  arc  with  a  radius  of  15.19  feet. 

Hie  plates  were  arrayed  on  both  sides  of  the  warhead  to  subtend  an  angle  of 
112.5  degrees  beginning  k5  degrees  from  the  nose  end  of  the  warhead  (Figure  9)* 
The  side  of  the  plates  away  from  the  warhead  were  gridded  into  1-foot  squares 
to  facilitate  the  velocity  location.  Hie  plates  were  lettered  A  through  H  and 
numbered  1  through  8,  H  and  8  being  at  the  nose  end  of  the  setup  (Figure  8). 
Four  hi^-speed  motion-picture  cameras,  with  a  framing  rate  of  approximately 
7000  feet  per  second,  equipped  with  hl^-frequency  standards  and  electronic 
timing  devices,  were  placed  to  permit  the  filming  of  the  detonation  of  the  war¬ 
head  and  of  the  fragments  perforating  the  steel  plates.  Four  mirrors  k  by  k 
inches  in  size  were  used  to  record  the  image  of  the  warhead  detonation  for  the 
cameras. 


The  fragment-mass  sample  was  obtained  from  four  stacks  of  com¬ 
position  wallboard.  Each  stack  was  6  feet  in  hei^t  and  placed  beneath  the 
plates,  one  stack  each  at  75°  and  165°  on  each  side  of  the  warhead.  Figure  10 
shows  the  position  of  the  stacks  of  wallboard. 

Figures  11  and  12,  show  the  test  site  after  detonation  of  the 
XM5E3  warhead. 

After  detonation  of  the  warheads  fragments  were  recovered  from  the 
conqiositlon  wallboard  to  determine  the  mass  distribution. 

The  impact  positions  of  the  fragments  striking  the  mild  steel  plates 
were  plotted  to  obtain  the  spatial  distribution. 
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Figure  8  -  59T3203:  Test  Setup  Previous  to  Firing. 


TEST  SETUP  FOR  WARHEAD  XM5E3 


fisvrc  9 


Figure  10  -  59T3204:  Test  Setup  Previoxis  to  Firing. 


Figure  11  -  59T359^:  View  of  Test  Setup  after  Detonation  of  Warhead,  XM5E3. 


Figure  12  -  59T3596:  Test  Setup  after  Detonation  of  Waihead,  XM5E3 


Hie  film  from  the  hig^-speed  motion-picture  pameras  that 
photographed  the  warhead  detonation  and  the  fragments  perforating  the  mild 
steel  plates  were  developed.  By  nieans  of  a  time  reference  on  the  film,  the 
interval  between  the  detonation  and  the  peroration  of  the  mild  steel  plates 
could  be  found,  and  this,  together  with  measurements  of  the  distance  from 
the  warhead  to  the  mild  steel  plates,  allowed  individual  velocities  to  be 
computed. 


3.2i2.2  Results.  Table  I  gives  a  sample  of  the  mass  distribution  of 
the  cube  fragments  of  the  XM5E3  warhead  compared  with  the  XM5E1  waitieeid. 


Table  I.  Mass  Distribution 


XM3E1 _  _ XM3E3 


Fragment  Weight 

Per  Cent  of  Total 

Fragment  Weight 

Per  Cent  of  Total 

Interval, 

grains 

Nimiber  Recovered 

Interval, 

grains 

Nimiber  Recovered 

116  to 

117 

6.3 

no 

to 

in 

1.19 

U7  to 

118 

3-1 

in 

to 

112 

2.39 

118  to 

119 

9.3 

112 

to 

n3 

3-57 

119  to 

120 

6.3 

113 

to 

n4 

10.71 

120  to 

121 

12.5 

n4 

to 

n5 

3-57 

121  to 

122 

50.0 

115 

to 

116 

10.71 

122  to 

123 

9.4 

116 

to 

n7 

8.34 

123  to 

124 

3.1 

n7 

to 

n8 

n.90 

n8 

to 

n9 

7.14 

119 

to 

120 

19.05 

120 

to 

121 

17.86 

121 

to 

122 

3.57 

Hie  average  weight  of  the  recovered  fragments  of  the  XM5E1  was 
120.7  grains,  whereas  for  the  XM5E3  it  was  118.2  grains.  Inspection  of  the 
fragments  of  the  XM5E1  euid  the  XM5E3  showed  that  there  was  only  minor 
deformation. 


Individuals fragmentVweights  appear  in  the  annex  of  this  report. 
Figures  I3  and  l4  show  the  fragment  pattern  of  the  XM5E3  warhead  in  mild 
steel  plates. 


A  coniparison  of  the  XM5E1  and  XM5E3  warheeids,  as  to  the  number  of 
fragments  perforating,  the  number  of  velocities  recorded,  and  the  average 
initial  velocities  (feet  per  second)  of  the  data  obtained  from  the  mild  steel 
plates,  is  shown  in  Table  II. 


Figure  13  -  59T3726;  Fragnent  Pattern  of  XM5E3  Warhead  in  3/8-Inch  MiM 
Steel  Plates  at  15  Feet.  Round  No.  2  (Safety  and  Arming  Cavity  Horizontal). 


Figure  l4  -  59T3727:  Fragnent  Pattern  of  XM5E3  Wartiead  in  Mild  Steel  Plates 
at  15  Feet.  Round  No.  1  (Safety  and  Arming  Cavity  Vertical). 


Table  II .  Spatial  Distribution  and  Velocity 
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Table  III  shows  the  average  Initial  velocity  for  the  preformed 
fragments  for  both  sets  of  targets  for  the  XM5E1  and  XM5E3  warheads. 


Table  III.  Average  Initial  Velocities 


XM5E3 

Round  Safety  and  Annlng  Cavity  Target  Initial  Velocity,  fps 


No. 

Orientation 

No. 

Avg 

Max 

Min 

1 

Up 

1 

thru  8 

6529 

7742 

4746 

A 

thru  H 

6217 

7095 

4560 

2 

90° 

1 

thru  8 

5380 

8186 

4489 

A 

thru  H 

6731 

7717 

4535 

XM5E1 

1 

Up 

1 

thru  8 

6243 

7870 

4730 

A 

thru  H 

6190 

7217 

4321 

2 

900 

1 

thru  8 

5089 

7278 

4592 

A 

thru  H 

6131 

7358 

4254 

Individual  fragment  velocities  and  impact  distribution  are 
given  in  Analytical  Laboratory  Report  59-AL-155>  Appendix  B. 

Spatial  distribution  plots  of  the  fragments  against  the  mild 
steel  plates  are  given  in  Appendix  C. 


3.2.3  Blast  Phase.  Two  types  of  instiruaentation,  one  photographic 
and  the  other  electronic,  were  used  to  obtain  the  blast  data. 


3. 2. 3.1  Pressvure  and  Velocity  Gages. 

Procedure .  Crystal  pressure  transducers  were  used  to  record 
blast  pressure  as  a  function  of  time  at  two  gage  locations,  identified  as 
A  and  B  (Fig\ire  9). 

Calibration  of  three  pressvire  gages  positioned  at  each  loca¬ 
tion  was  accomplished  by  spanning  the  gages  with  a  pair  of  velocity  gages 
which  recorded  arrival  times  of  the  shock  wave.  Velocity  of  the  shock 
wave  was  computed  from  the  arrival  times  and  converted  to  pressures  by 
use  of  the  following  equation:. 


RanKine-Hugoniot  Equation 


Where : 

Pg  z  peak  overpressure  (psi) 

Pq  "  local  atmospheric  pressure  (psi) 

y  -  specific  heats  for  air  (l.^) 

V  z  velocity  of  shock  vave  (fps) 

-  correction  for  effect  of  wind,  taken  for 
each  detonation  (fps) 

Vq  "  local  of  speed  of  sound  (fps) 


Results.  Data  on  the  blast  phase  of  the  XM5E3  warhead  test, 
derived  fran  gages,  are  presented  in  Table  IV. 


Table  IV.  Peak  Pressure,  in  psi.  Derived  from 
Pressure  and  Velocity  Gages 


Gage  Gage  and  Position 


Location 

on  Gage  Stand 

Detonation  1 

Detonation  2 

A 

Velocity 

Ti^.5 

92.3 

Pressure  (top) 

7.2 

18.8 

Pressure  (center) 

27.3 

22.0 

Pressure  (bottom) 

29.2 

20.5 

B 

Velocity 

58.2 

110.7 

Pressure  (top) 

20.2 

19.5 

Pressure  (center) 

38.3 

19.2 

PressTire  (bottom) 

18.6 

The  pressure  traces  for  all  pressure  gages  at  position  A  were 
erratic  and  oscillatory.  It  is  quite  probable  that  this  position  was 
engulfed  by  flame  or  heat  at  about  the  time  the  shock  wave  arrived.  The 
crystals  used  in  these  pressure  transducers  react  adversely  to  heat. 
Except  for  the  values  obtained  frcxn  the  top  pressure  gages  for  detonation 
1,  there  appears  to  be  good  agreement  among  pressure  gages,  by  position. 


The  pressures  computed  fran  velocity  gages  are  not  valid.  As 
discussed  above,  the  shock  front  did  not  traverse  the  pair  of  velocity 
pick-up  gages  normally  (i.e.,  the  shock  wave  did  not  move  as  a  plane  normEQ. 
to  the  line  Joining  the  gages).  The  difference  between  times  of  arrival  at 
the  two  gages  did  not  correspxDnd  to  the  travel  distance  of  the  shock  front 
equal  to  that  distance  between  gages .  Unfortunately  the  actual  travel 
could  not  be  computed  from  the  Fastax  film  because  the  shock  front  in  the 
vicinity  of  the  velocity  gages  was  obscured  by  the  jet. 

3. 2. 3 *2  Photographic  Fence  Method. 

Procedure .  The  fence  technique  was  included  to  supplement 
the  usual  instrumentation  (pressure  and  velocity  gages)  because  erratic 
pressxire-time  histories  had  been  obtained  on  previous  testing  of  this  type 
waiiiead. 

A  fence  consisting  of  equally  spaced  vertical  divisions  (called 
'poles')  is  photographed  by  Fasteix  cameras  during  the  passing  of  the  shock 
front.  U^t  waves  passing  from  undisturbed  air  to  the  turbulant  region 
immediately  behind  the  front  undergo  an  abrupt  change  in  direction.  This 
phenomenon  appears  on  the  film  as  distortion  or  deletion  of  successive  fence 
poles  as  the  front  moves  away  from  the  pxDint  of  detonation. 

Three  fences,  one  8  feet  and  two  4  feet  wide  and  subdivided  into 

3 - inch  alternating  black  and  •vdiite  vertical  stripes,  were  placed  as  shown  in 
Figures  10  and  15 .  Two  l6-mm  Fastax  cameras,  one  of  which  was  half -framed, 
were  employed.  The  line  of  si^t  of  the  half -framed  camera  was  perpendlcxilar 
to  the  midpoint  of  the  8-foot  fence,  while  the  line  of  sl£^t  from  the  other 
camera  was  perpendicular  to  the  edge  (nearest  the  warhead)  of  the  first 

4 - foot  fence. 

Results .  Examination  of  the  film  records  showed  that  a  jet 
probably  consisting  of  extremely  hot  gases  and  bximing  particles  of  ex¬ 
plosive  was  emitted  in  the  direction  of  the  gage  stands  immediately  after 
detonation.  The  center  of  this  moving  mass  was  located  half  way  up  the 
fence,  10  feet  above  the  ground,  at  the  same  hel^t  of  the  gage  clusters 
(Figure  16).  The  bri^tness  of  the  jet  over-exposed  the  portions  of  the 
film  immediately  bordering  the  jet  front,  thereby  preventing  accurate 
reduction  of  its  velocity  as  a  function  of  fence  distance.  However,  it  was 
possible  to  estimate  velocity  of  the  jet  from  the  first  few  frames  in  ^ich 
thO  front  silhouetted  the  beginning  of  the  8-foot  fence.  This  velocity  was 
between  2500  and  3OOO  fps .  The  jet  stream  slowed  down  considerably  before 
traveling  the  12 -foot  distance  to  the  beginning  of  the  first  4-foot  fence. 
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Figure  15  -  59^3205  (u):  Blast  Fence  and  Plate  Area. 


Formation  of  a  shock  front  was  not  evident  on  the  film  until 
the  jet  front  had  traversed  the  8-foot  fence.  At  this  time,  a  shock  wave 
hegeui  forming  in  the  top  and  "bottom  quarter  of  the  fence  at  approximately 
the  "beginning  of  the  fence.  (The  20-foot  hei^t  of  the  fence  was  divided, 
vertically,  into  four  sections  "by  horizontal  cross  "bars.)  In  other  words, 
the  formation  of  a  shock  wave  trailed  the  jet  front  "by  6  to  8  feet,  "but  as 
the  front  moved  away  from  the  detonation,  shock  wave  formation  "became  clearer. 

Initially,  the  slope  of  the  wave  was  quite  sharp,  making  a  30° 
to  40°  angle  with  the  horizontal.  As  the  wave  moved  laterally  away  from  the 
"beginning  of  the  8-foot  fence,  this  angle  Increased  until,  at  some  greater 
distance,  the  shock  wave  would  appear  perpendicular  to  the  horizontal.  This 
results  "because  the  detonation  of  the  warhead  emits,  for  al  1  practical  purposes, 
a  sifeerlcal  shock  front.  As  the  diameter  of  the  sphere  Increases,  the  curva¬ 
ture  of  the  axe  which  is  seen  against  the  targets  decreases. 

Photographs  of  the  second  detonation  (Figure  l6)  show  the 
sequence  of  events  mentioned  a"bove.  A  second  shock  front,  opposite  in  orien¬ 
tation  to  the  first,  is  also  visi"ble.  This  is  the  reflected  wave  (initial 
wave  reflected  off  the  ground)  ^ich  eventually  overtakes  and  joins  the  initial 
wave  some  distance  "beyond  the  fences. 


z  arriV'l  *:.?*■' 

Figure  l6;  Photograph  of  Shock  Wave  for  XM5E3  Weo'head  Detonation. 
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in  Table  V. 


Data  on  the  fence  phase  of  the  XM5E3  warhead  test  are  presented 


Table  V.  Pressure,  psi,  Derived  by 
the  Fence  Technique 


Detonation  1  Detonation  2 


Time,  ms 

Pressure, 

psi 

Time,  ms 

Pressure, 

psi 

16 -mm 

16 -ram 

8-inin 

16-rara 

8-ram 

16-mm 

6.46 

45.0 

6.93 

32.3 

5.43 

35.0 

7.39 

7.00 

32.3 

30.2 

5.89 

41.3 

7.75 

7.51 

27.6 

29.2 

6.35 

35-9 

9.80 

17.6 

6.81 

28.9 

10.31 

15.8 

10.82 

12.5 

11.33 

13.3 

14.64 

10.9 

15.15 

7.7 

15.66 

2.7 

16.16 

5.6 

16.67 

6.3 

Pressure  data  from  the  fence  technique  are  very  limited  for 
detonation  No.  1.  .Lack  of  sunlit t  because  of  cloudy  and  overcast  sky  at 
the  time  of  this  detonation  reduced  the  pumber  of  observations  available 
from  the  Fastax  flln|i.  No  shock  wave  refraction  was  discernible  for  the 
8-mm  film  and  onli'  a  few  values  were  obtained  at  the  beginning  of  the  fence 
from  the  l6-mm  film.  Observations  were  available  from  both  the  8-mm  and 
l6-mra  film  for  the  second  detonation.  Dae  agreement  of  pressure  values 
between  these  cameras  is  very  good. 

Blast  data  on  the  XM5  warhead  given  below  were  obtained  from 
Technical  Note  No.  1170,  Ballistic  Research  Laboratory,  APG. 

From  air  shock  velocities  inferred  from  measurements  of  the 
shock  arrival  times,  the  calculated  side-on  peak  excess  pressure  are  as 
follows : 


Peak  Pressure,  psi 

45.0 

38.5 

i^3.5 

44.3 
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On  the  average,  the  XM5  varhead  produced  a  free-air  peak  blast 
pressure  of  about  42.3  psi  at  a  distance  of  20  feet.  Based  on  the  free  air 
measurements,  the  air  blast  from  the  warhead  is  eqviivalent  to  approximately 
88  poxmds  of  bare  50/50  pentolite. 


4.  (C)  CONCUJSIONS 


Mass  distribution  of  the  cube  fragments  of  the  XM5E3  warhead 
are  comparable  with  those  of  the  XM5E1. 

The  fragments  of  the  XM5E3  warhead  had  an  initial  velocity  of 
6457  feet  per  second;  this  is  an  increase  of  3I5  feet  per  second  over  the 
XM5EI  warhead. 

By  the  incorporation  of  the  safety  and  arming  liner  and 
booster  extension  into  a  one-piece  design,  the  initial  velocities  of  the 
fragments  frcan  this  section  of  the  XM5E3  warhead  showed  an  increase  of 
500  feet  per  second  over  the  XM5E1  warhead. 

The  readings  of  the  electronic  instruments  were  inadequate  for 
the  XM5E3  warhead;  therefore  it  was  deemed  inadvisable  to  use  them  for 
comparison  of  blast  data.  Ihe  photographic  fence  technique,  which  is 
relatively  new,  indicates  that  blast  pressures  at  20  feet  from  the  XM5E3 
warhead  are  30  psi. 

The  XM5E3  warhead  did  not  detonate  when  dropped  onto  armor 
plate  from  a  height  of  40  feet,  but  was  rendered  unseirviceable . 

The  production  engineering  changes  incorporated  in  the  XM5E3 
warhead  did  not  detrimentally  affect  the  established  fxmctional  or 
safety  requirements. 


5.  (C)  RECCMIENMTIONS 


It  is  recommended  that  the  incorporated  production  engineer¬ 
ing  changes  be  adopted. 

In  future  detonations  of  the  XM5  warhead,  electronic  measure¬ 
ments  should  be  made  at  a  distance  of  25  feet  or  greater. 

The  photographic  fence  technique  should  be  used  in  addition 
to  electronic  gages  to  obtain  blast  data. 


SUBMITTED; 


EDWIN  L.  SEIPIE 
TechnicaJL  Engineer 


REVIEWED: 


l), 

V.  L.  GRA^N 

Chief,  Terminal  Effects  and 
Special  Projects  Branch 


C.  E.  BROWN 


Chief,  Infantry  and  Aircraft 
Weapons  Division 


APPROVED: 


Assistant  Deputy  Director 
for  Engineering  Testing 
Development  and  Proof  Services 
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PICATINNY  ARSENAL 
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Corre  spondence 


I'lr.  RCrater/evr/2252 
MAI  -  b  -59  -9 


IN  REPLY 
REFER  TO: 


INDUmlAL  EN«INEEIIIN«  DIVIIION 

ommiJ)C4 


SUBJECT;  Test  Program  Request  No.  D-77 


Static  Firing  and  Drop  Test  of 
Production  Engineered  XM5E3  Warhead  (U) 


TO; 


Ccnmandlng  General 
Aberdeen  Proving  Grouiid 
Aberdeen,  Maryland 

ATTENTION;  Development  &  Proof  Services 


1.  The  Inclosed  Test  Program  Request  covers  tests  required  In  eval- 
\xation  of  clianges  incorporated  into  the  XM5E2  Warhead  as  a  result  of  a 
production  engineering  study.  The  sample  warheads  and  the  missile  warhead 
compartment  required  for  the  tests  will  be  shipped  to  your  Proving  Ground 
approximately  1  August  1959. 

2.  The  items  to  be  tested  are  for  use  in  the  Hawk  Missile  System 
which  has  been  assigned  Nb.  25  Cue  Cap  priority  by  the  Department  of 
Defense.  It  is  requested  that  the  work  desired  be  scheduled  accordingly. 

3.  Pu«3s  required  will  be  fdrnished  your  facility  upon  receipt  of 
cost  estimate. 


FCR  THE  CCMMANDER; 


1  Incl 

1.  Test  Program  Request 
No.  D-77  (in  dupe) 


CC 

aiC,  CRDLY-ARBR  (w/lnol) 


Incli 


Regraded  Un^assified 


When  Separated  From 


Mr.  RCrater/evr/2252 
Picatinry  Arsenal,  Dover,  N.  J, 
5  May  1959 

Test  Program  Request  No.  D-77 


KAY  .S  *59  -9  AM 


1.  (u) 

2.  (U) 

3.  (U) 

4.  (U) 

5.  (U) 


^fe.terlal  for  Test 

Three  each  Warhead,  Guided  Missile,  XM5E3 

Pro.lect  Authority 

PESD  7030412I-I3-4OOIO-O8-2-3II 
PESD  8O304I2O. 1-13-90019-01-2 

Arsenal  Ebroendlture  Order  No. 

V/ork  Order  698I-38 

Ob.lect  of  Product  Engineering  Investigation 

To  facilitate  production  and  reduce  manufacturing  costs  and 
lead  time. 

Historical  Sketch 

As  a  result  of  a  production  engineering  study  conducted  by  the 
Aerojet  General  Corporation,  several  changes  have  been  proposed 
to  the  origlml  XM5E2  Warhead  design  which  are  intended  to  con¬ 
siderably  reduce  the  cost  of  fabricating  the  inert  parts.  Based 
on  an  engineering  evaluation  of  the  proposed  changes,  it  is 
considered  that  their  incorporation  will  not  detrimentally  affect 
the  established  functional  or  safety  reqviirements .  Ifowever, 
prior  to  final  acceptance,  actual  testing  of  sample  warheads, 
with  these  changes  incorporated,  is  desired.  The  tests  covered 
by  this  Test  Program  Request  are  for  this  purpose. 

Static  firing  and  drop  tests  involving  the  XM5E2  V/arhead  were 
conducted  at  Aberdeen  Proving  Ground  during  original  development 
of  this  item. 

Description  in  Detail  of  Improvements  Ifede  Since  Last 

Proving  Ground  Test  - 

a.  Outer  Body  -  epoxy  resin  coating  over  fragments  substituted 
for  plastic  laminate  Outer  Body. 


1.  (u) 

2.  (U) 

3.  (U) 

4.  (U) 

5.  (U) 
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b.  Inner  Eodv  -  redesigned:  fabricated  in  halves  by  compression 
molding  process  in  which  matched  -  metal  molds  incorporate 
After  Plate,  Inner  Body,  Forward  Plate,  Locator  Well,  Locator 
iAishing,  Forv-fard  Rcir-forcement  Ring,  after  ReirJ'orceraent  Ring 
ar)d  Helix  Fragraent  Support  into  an  integral  unit.  Plastic 
lamimte  m8.torial  replaced  by  glass  -  fiber  -  reinforced 
polyester  molding  compound. 

Fore  Plato  -  glass  fiber  reinforced  polyester  molding  compound 
substituted  for  aluminum, 

S  aiyj  A  Liner  and  Booster  Extension  -  Those  two  components 
incorporated  into  a  one  piece  design. 

7,  (U)  Local  Tests 

None 

8.  (U)  Ob.lect  of  Test 

ai.To  determine  v/hether  the  Warhead,  incorporating  production 

engineering  changes,  will  withstand  a  40  ft  drop  onto  armor  plate 
v-rithout  detonation. 

b.  To  doterioino  whether  fragment  velocity,  fragment  distribution, 
or  blast  effects  of  the  Warhead  Ms  been  detrimentally 

affected  as  a  res^fLt  of  the  production  engineering  clmnges. 

9*  (C)  Precautions  in  ILindling  and  Testing  - 

a,  iiach  Warhead  is  loaded  \d.th  approximately  73  lbs  of  H-6  explo¬ 
sive.  A  small  quantity  of  l-Cicro-Cel-E  (a  syntlaetic  calcium 
silicate),  0.3'/o  by  weight,  is  incorporated  in  the  explosive 
filler  to  prevent  exudation.  The  Booster  Assembly  contains 
appro::imately  662  grains  of  RDX. 

b.  No  extraordirary  handling  precautions  are  required,  however, 
the  usual  precautions  in  handling  and  testing  loaded  warheads 
should  bo  observed. 

10.  (C)  Recomiponded  Test  Program 

a.  Drop  test  -  One  v/arhead  will  be  di'opped  onto  armor  plate  from 
a  height  of  40  ft.  Point  of  impact  will  be  directly  upon  the 
Safety  ard  Arming  Liner  cavity.  Warhead  will  contain  complete 
Booster  Asseiably,  Observe  for  evidence  of  detonation  and/or 
damage  to  the  warhead  components,  after  completion  of  test, 
warhead  shall  be  destroyed  at  the  test  site. 
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b.  Static  Firing  -  Two  warheads  shall  bo  statically  fired  to 
obtain  fragment  velocities,  fragment  distribution  and  blast 
effects.  Peak  pressure  and  impulse  at  a  distance  of  20  feet 
from  the  warhead  shall  be  obtained. 

Tests  will  be  conducted  with  warheads  assembled  in  missile 
warhead  compartments.  These  assemblies  will  be  positioned 
on  a  scaffold  in  a  horizontal  position  (a)  one  with  the  Safety 
and  Arming  cavity  pointing  straight  up  (vertical)  and  (b)  the  . 
other  the  same  as  (a)  except  the  Warhead  Safety  and  Arming 
Cavity  will  be  horizontal.  Warhead  initiation  to  be  accomplished 
through  use  of  an  M36  electric  detonator. 

o.  The  following  is  also  desired; 

(1)  Photographs  of  the  warheads  and  test  arena  as  set  up 
for  the  tests. 

(2)  Photographs  of  damage  to  warhead  subjected  to  the  drop 
test. 

(3)  Photographs  of  representative  target  damage  after  the 
static  firing  test. 

(4)  A  formal  test  report. 

11*  (U)  References 

a.  Aerojet  Drawing  1-056386,  9-26-58 

b.  Aerojet  Drawing  1-056387,  9-26-58 

c.  Aerojet  Drawing  I-O56388,  9-26-58 

d.  Aerojet  Drawing  1-056389,  9-25-58 

e.  Aerojet  Drawing  1-056390,  9-26-58 

f.  Aerojet  Drawing  1-056391,  9-26-58 

g.  Aberdeen  Proving  Ground  Firing  Record  Ho.  B-I4OI9 

h.  Aberdeen  Proving  Ground  Firing  Record  Ho.  B-14114 

i.  Aberdeen  Proving  Ground  Firing  Record  Ho.  B-14142 

12.  (U)  Coordination 

a.  Army  Rocket  and  Guided  l-ilssile  Agency,  CRDXR-IH 

b.  Ordnance  Ammunition  Command,  CRDLY-ilRBR 
o.  Aberdeen  Proving  Ground 

d,  Picatinny  Arsenal 
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13.  (U)  Report  Diatrlbutlon 

a.  Test  Report  Security  Classification  -  Confidential 

b.  4  Copies  -  Picatinny  Arsenal 

2  copies  CFJjBB-CC4,  aTTN;  R.  Crater 
1  copy  QLlDBB-TIiS 
1  copy  GRDBB-K 


Incls 

1,  Aerojet  Dwg 


1-056386,  9-26-58  (Confidential) 


2.  " 

"  1-056387, 

II  11  11 

3.  " 

"  1-056388, 

II  11  II 

4.  " 

"  1-056389, 

9-25-58 

5.  " 

"  1-056390, 

9-26-58 

6.  " 

"  1-056391 

II  11  11 
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RAnHEON  MAHUFACTURING  COMPANY 
MISSIIE  SYSTEMS  DIVISION 


MDG:bc:  7202: 2975  22  Jvine  1959 

Industrial.  Engineering  Division 
Picatinny  Arsenal 
Dover,  New  Jersey 

Attention:  Mr.  R.  Crater,  0RDBB-DC4 
Subject:  Support  Assemblies 

Enclosure:  Ei^t  (8)  Support  Assemblies 
Gentlemen : 

Enclosed  are  eight  (8)  Support  Assemblies  for  mounting  the 
XM5E3  Warhead  in  the  scrap  warhead  shells  forthcoming  from 
Aerojet-Azusa  for  the  tests  at  Aberdeen  Proving  Ground. 

Very  truly  yours, 
RAYTHEON  COMPANY 

/s/  M.  D.  Oldez 
/t/  M.  D.  GIDEZ 

Project  Engineer 


1  cy  Itr  w/l  set  encs 
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RAYTHEON  MANUFACTURING  COMPANY 
MISSIIE  SYSTEMS  DIYISION 
ANDOVER,  MASSACHUSETTS  .  ANDOVER  3400 

MDG:enrt:  7202: 3030  20  July  I959 

Picatinny  Arsenal 
Dover,  New  Jersey 

Attention:  R.  Crater,  Industrial  Engineering  Division 

0RDBB-DC4 

Subject:  Warhead  Support  Pins 

Enclosure :  Two  Warhead  Support  Pins 

Dear  Sir: 

Enclosed  are  two  Warhead  Support  Pins  that  you  requested  for 
the  static  tests  of  the  Aerojet  Warhead. 


Very  truly  yours, 
RAYTHEON  CCMPANY 


/s/  M.  D.  Gidez 
/t/  M.  D.  GIDEZ 

Project  Engineer 
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APPENDIX  B 

Analytical  Laboratory  Report  59-AI/-155 
19  November  1959 

Title;  Results  of  Fragmentation  Test  of  Warhead,  XM5E3 

Prepared  for;  Bomb  and  Fragmentation  Br,  Infantry  eind  Aircraft  V/eapons  Div 
Project  Ho. ;  PA-I/58/D77 


INTRODUCTION 

(u)A  test  vaB  conducted  to  obtain  fragment  velocity  and  blast  data  for  the  XM5E3 
Warhead.  Two  rounds  were  fired  for  this  purpose.  This  report  presents  the  data 
obtained  concerning  tlie  fragment  velocities  and  the  distribution  of  those  velocities. 

TEST  PROCEDURE 

(U)  To  determine  the  velocities  of  the  fragments,  the  warheads  were  detonated  at  the 
center  of  a  test  arena  consisting  of  x  8*  upri^t  targets  of  3/8"  mild  steel 
plate  arranged  in  two  symmetrical  arcs  of  112.5^  on  opposite  sides  of  the  warhead, 
see  Incl  1,  Pig.  1.  Ihe  distance  from  the  center  of  the  test  arena  to  the  targets 
was  15»19  feet.  Die  axis  of  the  warhead  was  horizontal  and  symmetrically  separated 
the  test  arena  (nose  end  at  0®  ),  the  target  plates  started  at  and  continued 
to  157»5®  •  Die  targets  on  one  side  were  numbered  1  throu^  8,  and  on  the  other 
side  were  lettered  A  through  H  with  plates  1  eind  A  at  the  nose  end  of  the  arcs.  Also, 
the  last  two  targets  (A  and  H  were  only  two  feet  vide,  compared  to  4  feet  for  the 
other  targets.  To  aid  in  locating  fragment  impacts  for  plotting  and  for  film  read¬ 
ing,  the  targets  were  painted  with  a  1*  x  1*  grid. 

(u)Four  camera  stations  were  used;  two  for  each  arc,  with  each  station  having  two 
cameras  covering  the  some  targets  as  a  precaution  against  loss  of  data  because  of 
camera  failure.  The  detonation  of  the  warhead  was  recorded  on  the  film  by  means  of 
mirrors  placed  in  the  field  of  view  of  each  camera.  The  imj^cts  of  the  fragments  on 
the  plates  were  recorded  as  flashes  of  li^t  on  the  film  which  had  a  millisecond 
time  base  for  the  determination  of  fragment  fli^t  times. 

/^0\Most  of  the  velocities  obtained  were  for  the  preformed  fragments  encasing  the  warhead, 
since  only  these  fragments  had  sufficient  mass  and  velocity  to  perforate  the  3/8*' 

Xdates.  The  orientation  of  the  two  rounds  was  different.  The  first  round  was  mounted 
with  the  axis  horizontal  and  the  8&A  (Safety  and  Arming)  cavity  directed  upward.  The 
S&A  cavity  is  a  tapered  opening  in  the  side  of  the  warhead  into  which  the  firing 
device  is  insesrted.  The  second  roimd  was  mounted  with  the  S&A  cavity  on  the  side 
and  directed  towards  the  numbered  targets  (1  thru  8). 

DATA  REDUCTION 

(ujhe  travel  distance  of  the  fragments  was  determined  in  such  a  manner  as  to 
be  accurate  within  1^*  Prom  the  individual  fragment  fli^t  times  and  these 


59-AL-155 


distances^  the  photographic  velocities  were  then  obtained.  While  most  of  the 
perforations  in  the  targets  were  produced  by  preformed  fragments,  a  few  resulted 
from  other  miscellaneous  fragments.  A  check  was  made  against  plot  sheets  of 
the  perforated  targets  to  separate  the  preformed  and  miscellaneous  fragment 
velocities. 

(cjThe  initial  velocities  (Vq)  were  then  conqputed  according  to  procedures 
given  in  Report  No-  DPS/APG  Misc/306;  DPS/I&IT/5-  The  mass-area  relationship 
and  drag  were  determine"?  for  the  preformed  fragments,  but  the  same  values  were 
used  in  computing  the  initial  velocities  for  all  fragments,  since  no  data  were 
available  on  the  misce31aneous  fragments  perforating  the  plates.  The  preformed 
fragments  had  dimensions  of  I/2**  x  l/2"  x  .l/4”  with  a  nominal  weight  of  120  grains. 
Therefore,  the  initial  velocities  given  in  Incl^2  identified  as  "other  perforations” 
may  be  5-105^  lower  than  the  actual  values. 

RESULTS 

(U)[ncluded  in  the  tabulated  data  for  each  round  in  Incl  2  axe  the  initial 
velocity  for  each  fragment  and  the  location  of  the  1'  x  1*  square  in  \dilch  the 
perforation  occurred.  The  locations  of  the  impacts  are  given  first  by  target, 

1-8  or  A-H*s,  then  by  vertical  row,  1-4,  corresponding  to  each  one  foot  wide 
interval  for  the  targets;  and  finally  by  squEore,  A-H,  identifying  the  one  foot 
interval  from  the  top  of  the  plates.  Average  velocities  for  the  preformed  fragments 
were  determined  for  each  vertical  row  or  one  foot  interval  arovind  the  warhead. 

Plots  of  the  average  velocities  eire  shown  in  Fig.  2,  Incl  1.  It  is  to  be  noted 
that  in  the  tabialated  data  of  Incl  2,  the  row  numbers  read  from  left  to  right 
for  Teirget  Nos.  1-8,  but  from  right  to  left  for  Target  Nos.  A-H,  ie..  Row  No.  1 
for  fill  targets  is  toward  the  nose  end  or  0®  orientation - 

(C^e  following  table  shows  the  average  initial  velocity  for  the  preformed 
fragments  for  both  sets  of  targets  for  the  two  warheads. 


Ini t ial .  Veloc ity , 

fps 

No.  of 

S5ftA  Cavity 

Target 

Row  Ave"*^ 

Individual  Value 

Preformed 

Orientation 

.  No. 

Ave 

Max 

Min 

Max 

Min 

Vel  Cons. 

Vertical  (up) 

1-8 

6556 

7161 

4984 

7742 

4746 

149 

A-H 

6335 

6822 

4763 

7095 

4560 

137 

B-2 


€Gmm¥m. 
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Initial  Velocity,  fps 

No*  of 

S&A  Cavity 

Target 

Row  Ave* 

Individual  Value 

Preformed 

Orientation 

No. 

Ave 

Max 

Min 

Max 

Min 

Vel  Cons. 

Horizontal 

(Towards 

1-8 

5^50 

6858 

4646 

8186 

4489 

76 

Targets  1-8) 

A-H 

6683 

7041 

5015 

7717 

4535 

146 

*  A total  of  thirty  rows  per  target  arc;  fovir  for  each  of  seven  targets  and  two 
for  one  target.  The  angular  width  of  each  row  Is  3*75°* 


SUBMI'mD: 


Henry  Barnhart 
Mathematician 


REVIEWED: 

Q/MJht.CdZ. 

Wilbert  E.  Cantey  ^ 

Chief,  Ballistics  Section 


APPROVED; 


cal  Laboratoxy 


Inclosures 

Incl  1  -  Fig.  1  Sketch  of  test  set\q? 

Fig.  2  Plot  of  Initial  velocity  vs  angle  G 


Incl  2  *  Tabulated  Data 


Englneerljag  Laboratories 
Supi>orting  Services 
Development  and  Proof  Services 
Aberdeen  Proving  Ground,  Maryland 
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Sketch  of  Test  Setiqp 
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180° 


0° 

X  indicates  camera  station 

Target  Target 


Hotel  The  target  plates  vere  mounted  with  the  bottom  edge  of  the  plates 
6  ft  above  the  ground  vlth  the  warhead  mounted  in  the  center  10  ft 
above  the  ground. 
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fYaginent  Velocities  and  Impact  Distribution  Data 


Rotr 


Square 


Round  Number  1 

Date  of  Firing:  '  29  Sept  1959 

PVag,  travel  Velocity.  F/S 

Instance,  ft  individual  Ave 


No.  of 
Preformed 
hrags.  Cons. 


%  . 
Error 


Target  1 

U,89  5lW  9200  2  /  6 

19.19  9291^ 

U.99  5878  9261  3  £  6 

lli.59  5039 

II1.99  ^^869 


Target  2 


11i.89 

5763 

5763 

1 

15.19 

6129 

6272 

7 

£7 

111.  89 

626I1 

lU.59 

6718 

lli.59 

6718 

lli.59 

56U3 

1U*89 

69U9 

15.19 

988U 

IU.89 

691i9 

6970 

10 

£7 

lU.89 

6860 

1U.59 

6ia2 

IU.59 

6718 

lli.59 

6718 

II1.59 

6718 

IU.59 

:  6'/i8 

II1.59 

5U26 

lli.59 

6718 

111.  89 

6860 

15.19 

IU.89 

1U.59 

lli.59 

lU-59 

11*.89 


7009  7038  6 

.6860 
7093 
7093 
7093 
7201: 


£^ 


Incl  2 
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Fragment  Velocities  and  Impact  Distribution  Data 
Round  Number  1 

Date  of  Firing:  29  Sept  1959 


No.  of 

Frag,  travel 

Velocity, 

f/s 

Preformed 

Square 

Distance,  ft 

Individual 

Ave 

Frags,  CcMis. 

Target  3 

A 

li:.89 

7201; 

6897 

12 

B 

lii.59 

7053 

C 

li:.59 

7053 

D 

U.59 

7053 

D 

U.59 

7053 

E 

lii.59 

7053 

E 

111.  59 

51i26 

F 

II1.59 

7053 

G 

lii.89 

7201; 

G 

II1.59 

7053 

H 

15.19 

7005 

H 

11;.  89 

651i9 

A 

15.19 

7005 

7033 

7 

B 

111.  89 

7201; 

C 

II1.59 

7053 

E 

ll;.59 

7053 

F 

II1.59, 

7053 

G 

11;.89 

6860 

H 

15.19 

7005 

A 

15.19 

7005 

7113 

11 

B 

11;.89 

720I; 

C 

II1.59 

7053 

C 

II1.59 

7053 

D 

II1.59 

7053 

F 

II1.59 

7053 

F 

ll;.59 

7053 

G 

111.  89 

7201; 

G 

111.  89 

7201; 

H 

15.19 

7351; 

H 

15.19 

7005 

A 

15.19 

7005 

6777 

6 

A 

11;.  89 

651i9 

B 

11;.  89 

7201; 

D 

II1.59 

7053 

D 

II1.59 

6718 

E 

ll;.59 

6133 

% 

Error 


Inel  2 
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Fra^ent  Velocities  and  Impact  Distribution  Data 


Row 


1 


2 


3 


It 


Round  Number  1 


Date  of 

Frag,  travel 

firing:  29  Sept  1959 

Velocity,  F/s 

Individual  Av& 

No,  of 
Preformed 

Square 

Distance,  ft 

Frags.  Cons, 

A 

15.19 

Target  I4 

7005  6827 

9 

B 

lit.  89 

6860 

C 

llt.59 

7053 

E 

llt.59 

6718 

E 

llt.59 

6133 

.  F 

114.59 

7053 

0 

114.89 

720I4 

0 

114.59 

6la2 

H 

15.19 

7005 

A 

15.19 

7005  7033 

7 

B 

114.89 

6860 

C 

114.59 

7053 

D 

114.59 

7053 

P 

114.59 

7053 

G 

1I4.89 

720k 

H 

15.19 

7005 

A 

II4.89 

6860  6989 

6 

B 

II4.59 

7053 

D 

II4.59 

7053 

E 

II4.59 

7053 

F 

II4.59 

7053 

0 

II4.89 

6860 

A 

15.19 

77I42  7161 

6 

B 

II4.89 

6860 

C 

ia.59 

7053 

D 

II4.59 

7053 

F 

II4.59 

7053 

0 

114.89 

720k 

K 

Error 


£7 


£7 


£7 


£7 


Inol  2 
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Fragment  Vd.ocities  and  Impact  Distribution  Data 


Row 


1 


2 


3 


1 


Round  Nuitfcer  1 

Date  of  Firing:  29  Sept  1959 


Frag,  travel 

Velocity,  F/s 

IndL  vi  dual  Ave 

No.  of 
preformed 

Square 

Distance,  ft 

Frags.  Cons. 

A 

19.19 

Target  9 

6686  6873 

7 

B 

lli.89 

6860 

C 

lli.99 

7093 

D 

lli.99 

7093 

F 

lli.99 

7093 

G 

lli.89 

6860 

H 

lli.89 

691i9 

B 

lli.89 

6860  6937 

8 

C 

lli.99 

7it2li 

C 

lli.99 

6718 

D 

lh.99 

7li2li 

D 

1I1.99 

7093 

E 

lli.99 

6I4I2 

G 

1I1.99 

7093 

H 

lli.89 

69Ii9 

F 

II1.99 

6718  # 

B 

1I1.89 

626ii  6914i 

6 

C 

1)1.99 

6)a2 

D 

lli.99 

6)a2 

F 

1I1.99 

6ia2 

F 

l)i.99 

6Iil2 

H 

19.19 

7391i 

B 

lli.89 

626U  6199 

9 

C 

1I1.99 

6133 

D 

lli.99 

6133 

E 

lli.99 

6133 

G 

lii.99 

6133 

A 

lli.89 

Target  6 

9902  6061 

6 

B 

1I1.89 

6170 

D 

U.99 

60I4I 

E 

U.99 

6oia 

F 

1I1.99 

6oia 

F 

U.89 

6170 

% 

Error 


if 


if 


i^ 


if 


*  other  perforation  than  preformed  fragment,  not  considered  in  average 
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Fragment  Velocities  and  Impact  listribution  Data 
Round  Nurber  1 

Date  of  Firing:  29  Sept  1959 


0 

• 

0 

Frag,  travel 

Velocity. 

Individual 

f/s 

Preformed 

% 

Row 

Square 

Distance,  ft 

Ave 

Frags,  Cons. 

Error 

Target  6  (Conf ) 

2 

B 

lii.89 

5902 

5986 

5 

- 

E 

lii.59 

5779 

F 

lii.59 

5779 

0 

lii.89 

6170 

H 

15.19 

6299 

3 

A 

15.19 

ii76ii 

5707 

7 

B 

lii.89 

5902 

D 

lii.59 

5779 

D 

lii.59 

5779 

D 

lii.59 

5779 

E 

lii.59 

5779 

0 

lii.89 

6170 

E 

lii.59 

5779 

55ii8 

2 

F 

lii.59 

5316 

Target  7 

2 

C 

lii.59 

ii7ii6 

ii98ii 

2 

£(> 

0 

lii.89 

5221 

3 

A 

lii.89 

6170 

53ii3 

3 

L’^ 

D 

lii.59 

ii7ii6 

F 

lii.59 

5112 

U 

£ 

lii.59 

ii027 

0 

Target  8 

1 

A 

lii.89 

6170 

6073 

ii 

6 

lii.59 

6oia 

D 

lii.59 

60iil 

D 

lii.59 

6oia 

2 

E 

lii.59 

5316 

5316 

1 

*  Other  perforation  than  preformed  fragment,  not  considered  in  average. 


Incl  2 


D-10 
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F’^gment  Volocltles  and  Impact  Distribution  Data 


Row 


h 


1 


2 


3 


U 


Round  Number  1 


Date 

of,  Firing:  29  Sept  I959 

No.  of 

Frag.  Tmvel 

Velocity,  F/S  PrefoiTned 

Indiviclual  Ave  Frags.  Cons, 

Square 

Distance,  ft 

Target  A 

A 

lU.89 

5197  5398  a 

C 

lh.S9 

5oe8 

D 

lh.$9 

5292 

E 

lh.$9 

60H1 

Target  B 

F 

ia.59 

5292  5290  3 

F 

lli.59 

5715 

H 

ia.89 

a86U 

A 

15.19 

6208  62ao  9 

A 

ia.89 

63^5 

B 

IU.89 

63U5 

B 

Hi. 89 

6633 

C 

ia.59 

6213 

E 

ia.59 

5512 

0 

ia.89 

6081 

Q 

Hi. 89 

63^5 

H 

15.19 

6^77 

B 

IU.89 

63^5  6332  10 

B 

ia.89 

6633 

C 

111.  59 

5715 

C 

II1.59 

6U95 

D 

Hi. 59 

6213 

E 

Hi. 59 

6^95 

E 

H1.59 

6U95 

F 

Hi.  59 

595U 

0 

H;.89 

6633 

H 

Hi. 89 

63^5 

A 

15.19 

7095  6li55  9 

C 

H1.59 

6^95 

E 

Hi.  59 

6213 

E 

H1.59 

61i95 

F 

H1.59 

6a95 

F 

H1.59 

6^95 

0 

Hi.89 

5ao5 

0 

Hi. 89 

6633 

H 

15.19 

6772 

K  ' 

Error 


17 


+6 


■*6 


5 


±7 


Anal  Lab,  Engr  Labs, 
Nov  $9 


D&PS 

HUB 
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Rcw 


1 


2 


3 


k 
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Fragment  Velocities  and  Inpact  Distribution  Data 
Round  Nuiiber  1 


Date  of  Firing;  29  S' 

ept  1959 

No.  of 

Frag,  travel 

Velocity, 

F/S 

Pre  fonned 

% 

Square 

Distance,  ft 

Individual 

Ave 

Frags.  Cons. 

Ecror 

Teirget  C 

A 

lh.89 

6633 

6696 

6 

c 

lh.59 

6805 

D 

lh.59 

61495 

E 

lh.59 

6805 

F 

lh.59 

6805 

H 

lh.89 

6633 

A 

lh.89 

69I49 

6822 

7 

if 

C 

lh.59 

6805 

D 

lli.59 

6805 

E 

lU.59 

6805 

F 

lli.59 

6805 

G 

lh.89 

69I49 

H 

lh.89 

6633 

A 

lh.89 

69I49 

6802 

9 

if 

B 

lh.89 

6633 

C 

114.59 

6805 

C 

114.59 

6805 

D 

114.59 

6805 

E 

114.59 

6805 

E 

114.59 

6805 

F 

114.59 

6805 

F 

114.59 

6805 

A 

15.19 

6772 

6756 

9 

if 

B 

114.89 

6633 

C 

114.59 

6805 

D 

114.59 

6805 

E 

114.59 

6805 

G 

114.89 

6633 

G 

114.89 

69I49 

H 

114.89 

6633 

H 

15.19 

6772 

Anal  Lab,  Qigr  Labs,  DStPS 
Nov  59  HLB 
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W  i 


Fragment  Velocities  and  Impact  Distribution  Data 


Round  Number  1 

Date  of  Firing:  29  Sept  1999 

No*  of 

Frag*  Travel  Velocity.  F/S  Preformed  % 

Row  Square  Distancej  ft  Individual  Ave  Frags*  Cons*  aror 


Target  D 


19.19 

6U77 

6738 

10 

1U*89 

6633 

111.  99 

6809 

1U*99 

6809 

lli*99 

6809 

lU.99 

6809 

lli*99 

6809 

IU.99 

6809 

lU.99 

6809 

lU.89 

6633 

19.19 

6772 

6789 

3 

1U*89 

69U9 

1U*89 

6633 

IU.89 

6633 

66i4li 

6 

IU.99 

6809 

1U*99 

6809 

lU*99 

6U99 

lU.99 

6U99 

1U*89 

6633 

1U*89 

6633 

69ia 

6 

£7 

IU.99 

6U99 

1U*99 

6U99 

lU*99 

6U99 

lU.99 

6U99 

IU.89 

6633 

Target  E 

IU.89 

6633 

69UO 

6 

£7 

lU.99 

6U99 

lU*99 

6213 

lU.99 

6U99 

1U*89 

6633 

19.19 

6772 

Anal  Lab,  Chgr  Labs,  D&PS 
Nov  99  HLB 


B-13 


Incl  2 


Fragment  Velocities  and  Inpact  Eklstrlbutlon  Data< 


Round  Number  1 

Date  of  Firing:  29  Sept  1959 


No.  of 

Frag,  Travel 

Velocity,  F/S 

Xve 

Preformed 

% 

Row 

Square 

Distance,  ft 

nirags.  Cons. 

acTor 

Target  E  (Cont*) 

2 

A 

111.  89 

6633  6561: 

6 

£7 

B 

11i.89 

6633 

D 

111.59 

61i95 

£ 

II1.59 

61:95 

F 

II1.59 

61:95 

0 

111.  89 

6633 

3 

B 

111.  89 

6081  5977 

6 

£6 

C 

II1.59 

6081 

D 

II1.59 

595I1 

E 

111.  59 

595I1 

G 

llii09 

595I1 

H 

1I1.89 

5837 

h 

C 

111.  59 

5715  5908 

5 

£6 

D 

1I1.59 

595I1 

E 

II1.59 

595I1 

G 

II1.89 

6081 

H 

111. 89 

5837 

Target  F 

1 

D 

1I1.59 

5715  5715 

2 

£6 

E 

II1.59 

5715 

2 

B 

II1.89 

5837  5870 

7 

£6 

B 

111.  89 

6081 

C 

1I1.59 

595I1 

D 

1I1.59 

5951: 

F 

1I1.59 

5715 

F 

1I1.59 

5715 

G 

1I1.89 

5837 

3 

E 

111  .59 

51i96  5566 

5 

£6 

G 

II1.59 

5I196 

G 

111.  89 

5613 

H 

1I1.89 

5613 

H 

111.  89 

5613 

Anal  Lab,  Fhgr  Laba,  E&PS 
Incl  2  Nov  59  HLB 


B-14 


59-AL-155 

15 


Fragment  Velocities  and  Impact  Distribution  Data 


Round  Nunber  1 

Date  of  Firing:  29  Sept  1959 

No.  of 

Frag,  Travel 

Velocity. 

Individual 

f/s 

Bra-formed 

% 

Row 

Square 

Distance,  ft 

Av'e 

Frags,  Cons, 

Error 

Target  F  (Conf ) 

h 

F 

IU.^9 

1i763 

1i763 

1 

D 

U.59 

1i763* 

E 

U.59 

1i763* 

Target  G 

1 

D 

U.59 

l|6l0it 

0 

2 

A 

11».89 

Ii560 

1i81i9 

2 

£^ 

H 

15.19 

5138 

3 

B 

111.  89 

6081 

6213 

6 

£^ 

C 

ll».59 

6213 

D 

lli.59 

6213 

E 

lli.59 

6213 

F 

lli.59 

6213 

H 

111.  89 

631i5 

D 

1I1.59 

$292^ 

*  Other  perforation  than  preformed  fragment,  not  considered  in  average. 


Incl  2 


Anal  Lab,  Ehgr  Labs,  DScPS 
Nov  $9  HLB 
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eOltilDEblXUL 

Fragment  Velocities  and  Impact  Distribution  Data 


Round  Nurfoer  2 
Date  of  Firing:  6  Oct  1959 


No.  of 

Frag,  Travel 

Velocity, 

F/S 

Informed 

% 

Row 

Square 

Distance,  ft 

individual 

Ave 

Frags,  Cons. 

Error 

Target  1 

h 

D 

11.59 

5157 

5273 

2 

H 

II4.89 

5089 

Target  2 

1 

C 

11.59 

5731 

5731 

1 

n 

2 

B 

lli.89 

5320 

5061: 

7 

B 

II4.89 

5089 

C 

11.59 

5210 

D 

11.59 

1:983 

F 

11.59 

1983 

F 

11.59 

1:775 

H 

11.89 

5089 

3 

A 

11.89 

5571: 

5571: 

1 

k 

A 

II4.89 

5571: 

51:1:7 

2 

H 

lU.89 

5320 

Target  3 

1 

C 

11.59 

5731 

5623 

1: 

D 

11.59 

5731 

F 

U.59 

51:57 

0 

11.89 

5571: 

2 

A 

lU.89 

5320 

51:1:7 

2 

B 

11.89 

5571: 

3 

C 

lli.59 

51:57 

5331: 

2 

C 

II4.59 

5210 

0 

II4.89 

6885* 

*  Other  perforation  than . pref onned  fragment,  not  considered  in  average. 


Incl  2 


Anal  Lab,  Engr  Labs,  DScPS 
Nov  59  HLB 
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Fragment  Velocities  and  Impact  Edstribution  Data 


Round  Number  2 
Date  of  Firing:  6  Oct  19^9 


Frag,  Travel  Velocity,  F/S  Prefonned  % 

Row  Square  Distance,  ft  Individu^  Ave  Frags,  Cons,  Brror 

Target  3  (Conf) 


B 

11:.89 

557h 

6858 

1: 

£  7-9 

D 

ll:.59 

8186 

D 

U.59 

6033 

F 

ll:.59 

761a 

D 

IU.59 

761a* 

Target  1: 

1 

A 

U.89 

5571: 

6011 

3 

A 

lli.89 

5571: 

H 

11:,  89 

6885 

2 

C 

ll:.59 

51:57 

5868 

3 

^6-8 

D 

ll:.59 

1:983 

F 

lh.59 

7163 

E 

lh.59 

671:1* 

3 

C 

ll:.59 

5210 

5210 

1 

1^7 

h 

A 

11:,89 

5852 

5i68 

3 

n 

0 

lh.59 

1:775 

Q 

11:.89 

1:877 

Target  5 

1 

A 

15.19 

51:29 

5035 

3 

C 

ll:.59 

l:6h9 

H 

15.19 

5028 

2 

C 

lh.59 

1:822 

1:786 

2 

0 

11:.89 

1:71:9 

3 

C 

ll:.59 

U822 

U6U6 

6 

£(> 

C 

lh.59 

1:6U9 

D 

ll:.59 

14:89 

0 

11:.89 

1:71:9 

0 

lh.Q9 

1:585 

H 

lh.^9 

1585 

*  Other  perforation  than  preformed  fragment,  not  considered  in  average. 

Anal  Lab,  Engr  Labs,  DScPS 
Nov  59  HLB 
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Fragment  Velocitien  and  Impact  Distribution  Data 


Round  Nunber  2 
Date  of  Firing:  6  Oct  19^9 


Row  Square 


Frag,  Travel  Velocity.  F/S  Preformed  % 

Distance,  ft  Individual  Ave  Frags.  Cons.  Error 


(Target  $  Cont') 


1* 

E 

lli.59 

91i2l» 

91:21: 

1 

1^6 

Target  6 

1 

B 

lli.89 

9781 

9397 

3 

D 

II4.99 

9660 

H 

U.89 

Ii7li9 

2 

A 

19.19 

9699 

91:1:3 

9 

A 

lli.89 

li92l< 

E 

II1.99 

9660 

F 

lh.^9 

9660 

G 

II4.89 

9318 

k 

A 

19.19 

91:29 

9229 

7 

1^6 

B 

lli.89 

9lilt 

C 

llj.99 

h6h9 

D 

11:.99 

9008 

E 

lli.99 

9660 

H 

U.89 

9318 

D 

iii.99 

91:21: 

Taurget  7 

1 

D 

11:.99 

9208 

9208 

1 

F 

lh.^9 

9208^^ 

2 

A 

19.19 

1:81:8 

9106 

9 

if  6 

B 

lli.89 

991:0 

C 

U.99 

1:822 

F 

U.99 

9208 

H 

111.  89 

91II1 

3 

B 

II1.99 

6199 

6199 

3 

£7 

D 

II1.99 

6199 

E 

Hi  .99 

6199 

*  Other  perforation  than  preformed  fragment,  not  considered  in  average. 

Anal  Lab,  iiigr  Labs,  DScPS 
Nov  99  HLB 
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Fragment  Velocities  and  Impact  Eistribution  Data 

Round  Number  2 
Date  of  Firing:  6  Oct  19^9 

TiVna.  TVatrol  Uol  +.v  P <i 


Target  7  (Conf) 


h 


A 

A 

F 

G 


15.19 

lii.89 

U.59 

IU.89 


61:61:  619I: 


h 


6331 

6199 

5781 


1 


H 


lh,69 


Target  8 
601:3  601:3 


1 


Incl  2 


Anal  Lab,  Engr  Labs,  D&PS 
Nov  59  HLB 
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Fragment  Velocities  and  Impact  Distribution  Data 


Round  Number  2 


No.  of 

Frag,  Travel 

Velocity, 

tndiviAial 

f/s 

Preformed 

% 

Row 

Square 

Distance,  ft 

Ave 

Frags.  Cons, 

Error 

Target  A 

k 

B 

li4.89 

5039 

51814 

2 

D 

U.59 

5329 

Target  B 

2 

A 

U.89 

6l8i4 

6255 

10 

£7 

A 

15.19 

69145 

B 

II4.89 

6802 

C 

U.59 

6055 

D 

II4.59 

6055 

E 

li4.59 

14758 

E 

lh.^9 

63I43 

G 

U.89 

6I479 

H 

15.19 

6313 

H 

15.19 

661 

3 

B 

li4.89 

6802 

65214 

11 

£7 

C 

II4.59 

63I43 

C 

li4.59 

6661 

D 

II4.59 

7011 

E 

111.  59 

6661 

E 

114.59 

7011 

F 

U.59 

6661 

G 

U.89 

I4535 

G 

114.89 

6802 

G 

II4.89 

67I49 

H 

U.89 

6802 

k 

B 

U.89 

6802 

6957 

5 

£7 

C 

U.59 

7011 

D 

II4.59 

7011 

G 

U.89 

7160 

H 

u.89 

6802 

Anal  Lab,  fiigr  Labs,  D&PS 
Nov  59  HLB 
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Fragment  Velocities  and  Impact  Distribution  Data 
Round  Number  2 


Frag.  Travel 
"Rg/  Square  Distance,  ft 


No.  of 

Velocity,  F/S  Frefomed 

Individual  Ave  Frags.  Cons. 


1 


A 

A 

B 

C 

E 

E 

Q 

G 

H 


II1.89 
15.19 
II1.89 
IU.59 
II1.59 
lit.  59 
lit. 89 
Hi.  89 
15.19 


Target  C 

5232  6717  9 

7310 

7160 

7011 

63lt3 

7011 

5916 

7160 

7310 


A 

B 

B 

C 

C 

B 

E 

F 

0 

H 


15.19 
15.19 
lit.  89 

lit.  89 
lit.  59 
llt.59 
Hi.  59 
Hi. 99 
H1.99 
Ht.89 

15.19 


7310  7006  11 

7310 
7160 
7160 
6661 
6661 
6661 
6661 
7011 
7160 
7310 


A. 

C 

D 

E 

F 

A 

B 

D 

£ 

F 

F 

0 

H 

H 


Hi. 89 
H1.99 
Hi.59 
lit.  59 
H1.59 

15.19 

H1.59 

lit.  59 
Ht.59 
H1.99 
H1.99 
Hi. 89 
Hi. 89 
15.19 


7160 

7011 

7011 

7011 

7011 


70I1I 


7310 

7011 

7011 

6661 

6661 

7011 

7160 

61i79 

69U5 


6917 


Inol  2 


Anal  Lab,  Engr  Labs 
Nov  59 


B-21 


%  ■ 
Error 


+7 


+7 


±7 


17 


D&PS 

HIB 
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Fragment  Velocities  and  Impact  Dist'^bution  Data 
Round  Number  2 


ftpw  Square 


Frag.  Travel 
Distance,  ft 


Velocity.  F/S 

In^iviciuai  k' 


Ave 


No.  of 

Preformed 
Frags.  Cons, 


%  *' 
Error 


Target  D 


lii.89 

7160 

7001 

6 

5 

lii.59 

7011 

lli.59 

7011 

U.59 

7011 

IU.59 

7011 

lii.89 

6802 

15.19 

69li5 

7021 

12 

ff 

15.19 

69li5 

lii.89 

7160 

111.  89 

7160 

lii.59 

7011 

II1.59 

7011 

II1.59 

7011 

lii.59 

7011 

111.  59 

7011 

111.  59 

7011 

111.  89 

6661 

15.19 

7310 

1U.59 

7011 

6906 

2 

II1.89 

6802 

II1.89 

6802 

6883 

6 

1I1.59 

6661 

1I1.59 

7011 

II1.59 

7011 

iU.59 

7011 

111. 89 

6802 

Target  E 

1I1.89 

6802 

68II1 

6 

*1 

111.  59 

6661 

II1.59 

6661 

lii.59 

7011 

15.19 

m 

II1.89 

6802 

6932 

6 

fj 

II1.59 

6661 

II1.59 

7011 

Anal  Iab|  Engr  Labsi  DSePS 
Nov  $9  KB 


Incl  2 
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Fragment  Velocities  and  In^jact  Distribution  Data 


ficw  Square 


Round  Nuntoer  2 
Date  of  Firing I  6  Oct  1959 


No.  of 


FVag.  Travel  Velocity,  F/S  Preformed 

Distance,  ft  IndiviAm  Ave  Frags.  Cons, 

Target  E  (Conf) 


% 

Error 


2  F 

iii.59 

7011 

G 

iii.89 

7160 

H 

15.19 

69Ii5 

3  A 

111.  89 

6I8I4 

6I405  7 

A 

111.89 

6802 

B 

111.59 

63Ii3 

D 

111.59 

63Ii3 

E 

111.59 

63Ii3 

F 

111.59 

631i3 

H 

111.89 

6Ii79 

h  A 

15.19 

7717 

6I465  5 

D 

iu.59 

6055 

E 

111.59 

6055 

0 

111.89 

618I1 

H 

15.19 

6313 

Tbrget  F 

1  C 

111.59 

6631 

6675  5 

D 

111.59 

6979 

E 

ih.59 

6979 

F 

111.59 

6631 

H 

111.89 

6156 

2  A 

15.19 

65814 

6868  I4 

B 

111.89 

6156 

E 

111.59 

7367 

F 

U4.59 

7367 

D 

111.59 

7367* 

3  A 

15.19 

65814 

6705  12 

A 

15.19 

65814 

B 

111.89 

I4670 

♦  Other  perforation  than  preformed  fragment,  not  oonsldered 

£'^ 


£^ 


^5-8 


Anal  Labf  Fhgr  Labs,  DScPS 
Nov  59  HLB 
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Fragment  Velocities  and  Impact  Distribution  Data 


Round  Number  2 


Date  of  Firingt  6  Oct  1959 

No  of 

Frag*  Travel 

Velocity, 

F/S 

Preformed 

Row 

Square 

Distance,  ft 

Individual 

Ave 

Frags.  Cons. 

Target  F  (Cont*) 

3 

B 

14.89 

7524 

B 

14,89 

7524 

C 

14.59 

7367 

C 

14.59 

7367 

D 

14.59 

7367 

E 

14.59 

7367 

0 

14.59 

5765 

0 

14.89 

6449 

H 

14.89 

5889 

k 

C 

14.59 

5765 

5968 

4 

C 

14.59 

5765 

E 

14.59 

6027 

F 

14.59 

6314 

A 

15.19 

5761# 

Target  G 

1 

0 

14.59 

5756 

5756 

1 

2 

Q 

14.89 

5015 

5015 

1 

3 

B 

14.89 

6771 

6461 

5 

C 

14.59 

6631 

E 

14.59 

6631 

E 

14.59 

6631 

0 

14.89 

5643 

h 

A 

14.89 

6771 

6038 

2 

0 

14.59 

5304 

% 

Error 


2^7 


£(> 


*  other  perforation  than  preformed  fragment,  not  considered  in  average. 


Incl  2 


Anal  Lab,  Ehgr  Labs,  DStPS 
Nov  59  HLB 
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•  # 

2 

• 

3 

4 

•  • 

•  • 

m 

5 

6 

7 

• 

8 

9 

10 

• 

II 

12 

# 

13 

•  14 

•  •  15 

• 

• 

16 

0  • 

17 

• 

18 

19 

• 

# 

• 

20 

0 

21 

• 

• 

22 

• 

.  --23' 

* 

4 

24 

0 

•.  2® 

26 

27 

0 

28 

• 

m 

• 

•  29 

30 

• 

• 

31 

•• 

«*  • 

32 

« 

WARHEAD  XM5E3 
ROUND  NO.  1 

UNIT  NO.  17 

date  29  September  1959 
SCALE  I  INCH  =  I  FOOT 


CODE  ‘ 

Q-CUBE  PERFORATIONS 
TOTAL  NO.  •  5 

□  -CUBE  PENETRATIONS 
TOTAL  NO.  •  3 

0- OTHER  PERFORATIONS 
TOTAL  NO.  •  0 

0- OTHER  PENETRATIONS 
TOTAL  NO.-  44 

ZONE  - 

TOTAL  NO."  "  • 


PLATE'NO.  I  / 


.  • 

2 

0° 

* 

3 

a 

4 

or 

n 

5 

6 

• 

• 

0 

• 

°7 

□  • 

8 

9 

10 

• 

0  •" 

0 

0  0 

'2 

•  001 
0 

0  0 

«  13 

• 

14 

•  • 

•  15 

0 

°  •• 
•  • 

0  •  16 
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•  • 
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•• 

0 
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18 

• 

0 

19 

a. 

• 

0 
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• 

• 

• 

•  • 

21 

• 
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0  , 

• 

•  23 

• 

•  •  • 

• 

•  • 

ft.  • 

24 

•  • 

• 

• 

°  • 

• 

•  • 

• 

25 

• 

t 

••  26 

• 

0  • 

*n  • 

*•  '27 

• 

• 

• 

• 

•^8 

• 

• 

0 

••• 

• 

CVJ 

0 

,  30 

• 

a  • 

cr 

• 

• 

•• 

_ • 

32 

• 

• 

• 

• 

Lj3 _ 

\ 


WARHEAD  }a<5F3 
ROUND  NO.  I 
UNIT  NO.  17 

DATE  29  September  1959 
SCALE  1  INCH  =  I  FOOT 


COOE« 

Q-CUBE  PERFORATIONS 
TOTAL  NO.  »  27 

□  -CUBE  PENETRATIONS 
TOTAL  NO.  •  4 

0- OTHER  PERFORATIONS 
TOTAL  NO.  •  0 

0- OTHER  PENETRATIONS 
TOTAL  N0.»  133 

ZONE  - 

TOTAL  NO.  "  "  - 

U  M 


PLATE  NO.  Z 


C-2 

TtrtiiTmmirfcU 


AL 


1 

•  • 

CM 

• 

• 

• 

?  3 

a.  -.4 

• 

Q 

• 

Q 

• 

• 

•  • 

a 

• 

n  ^ 

; — ! 

• 

• 

• 

6 

•  • 

•  7 

•  •  ♦  8 

a 

• 

•o* 

• 

• 

•a 

• 

#  •  • 

> 

• 

  1 

1 

• 

••  •  *9 

• 

10 

II 

12 

♦ 

• 

• 

♦  • 

• 

• 

□ 

•  0 

a 

• 

13 

:  14 

••  15 

16, 

a 

• 

• 

• 

• 

• 

a  . 

G 

.  F 

a  18 

.  19 

20 

• 

• 

a 

• 

• 

• 

0  • 

•  • 

IT 

22 

•  23 

24 

• 

•  0 

□ 

• 

A 

0 

w 

• 

• 

• 

n   

•  • 

••  •  *25 

26 

•  2T 

28 

• 

c 

I' 
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WARHEAD  XM5E3 
ROUND  NO.  1 
UNIT  NO.  17 

DATE  29  Seplember  1959 
SCALE  I  INCH  =  I  FOOT 


CODE  ‘ 

□  -CUBE  PERFORATIONS 

TOTAL  NO.  «  36 

□  -CUBE  PENETRATIONS 

TOTAL  NO.  -  0 

0- OTHER  PERFORATIONS 
TOTAL  NO.  «  0 
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WARHEAD  XM5E3 
ROUND  NO.  1 
UNIT  NO.  17 
date  29  September  1959 
SCALE  I  INCH  =  I  FOOT 
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■  -CUBE  PENETRATIONS 
TOTAL  NO.  ■  0 

0- OTHER  PERFORATIONS 
TOTAL  NO.*  0 

t- OTHER  PENETRATIONS 
TOTAL  NO.*  100 

ZONE  - 

TOTAL  NO."  "* 

- 


PLATE’NO.  4- 


1 

2 

- 

4 

a 

• 

• 

•• 

• 

• 

• 

•  • 

\ 

• 

DL. 

5 

a  6 

7 

_  1 

•  • 

> 

8 

» 

0 

• 

0 

•  • 

0 

•  a 

0 

• 

0 

9 

•n 

II 

a 

12 

a 

•  • 

A 

0 

• 

•0 

^  0 

w 

• 

• 

0 

a 

• 

0  • 

o 

• 

13 

14 

15 

16 

0  O 

•  • 

• 

0 

• 

0 

• 

• 

a 

0 

•  • 

0 

a 

• 

o  - 

# 

.  ,17 

18 

•  •  19 

0 

20 

...i> 

o 

0 

•  0 

• 

•  • 

•  • 

a 

• 

• 

0 

0 

0 

*  a 

*  o 

*a 

21 

*23 

• 

0 

2T 

0 

.  •  « 

• 

m 

0 

•  • 

•• 

0 

0  • 

• 

0 

•  • 

A 

m  0 

a 

.!« - n — 

w 

a  25 

26 

1*"  27 

28 

■  •« 

o  •  . 

• 

m 

• 

0 

• 

T 

0 

• 

a  •  3C 

•  •  31 

m  • 

32 

# 

Q 

*  • 

.  ■ 

0 

• 

_ JLx- 

JL - 

□ 

Jb - • - 

*  ► 

WARHEAD  XM5E3 
ROUND  NO.  1 
UNIT  NO.  17 
date  29  Sepiember  1959 
SCALE  I  INCH  =  I  FOOT 


CODE  ‘ 

0-CUBE  PERFORATIONS 
TOTAL  NO.  •  28 
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TOTAL  NO.  «  8 
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WARHEAD  XM5E3 
ROUND  NO.  1 
UNIT  NO.  17 
DATE  29  September  1959 
SCALE  I  INCH  =  I  FOOT 
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WARHEAD  XM5E3 
ROUND  NO,  1 
UNIT  NO.  17 
DATE  29  Seplember  1959 
SCALE  I  INCH  =  I  FOOT 
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ROUND  NO.  1 
UNIT  NO.  17 
DATE  29  Seplember  1959 
SCALE  I  INCH  =  I  FOOT 
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WARHEAD  IM5E3 
ROUND  NO.  1 
UNIT  NO.  17 

DATE  29  Soptembor  1959 
SCALE  I  INCH  =  I  FOOT 
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ROUWD  NO.  1 
UNIT  NO.  17 

DATE  29  Sspt£!.il)or  1959 

SCALE  I  INCH  =  I  FOOT 


CODE  ' 

0-CUBE  PERFORATIONS 
TOTAL  NO.  »  n: 

□  -CUBE  PENETRATIONS 
TOTAL  NO.  »  1 

0- OTHER  PERFORATIONS 
TOTAL  NO. »  2 

0- OTHER  PENETRATIONS 
TOTAL  N0.»  128 

ZONE  - 

TOTAL  NO."  "  - 


PLATE  NO.  f 


C-IO 


1 

•  • 

•  • 

CM 

3 

0  • 

• 

0 

• 

4 

» 

•  • 

• 

• 

• 

“  5 

• 

.  .  6 

1 

•  :  7 

• 

♦  • 

1 

• 

• 

0 

e 

• 

• 

•9 

• 

a 

■  10 

• 

Q 

•  • 

.  -  " 
■ 

• 

• 

•  • 

12 

•  • 

a 

•  • 

13 

a* 

• 

14 

• 

a  •  • 

• 

• 

^  □  15 

16 

• 

• 

•  •  D 

17 

•• 

• 

• 

• 

Cl  • 

16 

■ 

• 

• 

19 

•  a 

• 

20 

0— 

•  •  21 

22 

■  23 

• 

a 

m 

24 

• 

•  Sr 

•  #0 

• 

•  • 
• 

» 

•  • 

•  •  26 

a 

• 

27 

•  • 

• 

• 

a 

•  □  28 

• 

•  29 

•  ■ 

'i  0 

• 

30 

a 

• 

31 

• 

• 

32 

• 

• 

•  1 

•  a 

. 

WARHEAD  XM5E3 
ROUND  NO.  1 

UNIT  NO.  17 

DATE  29  September  1959 
SCALE  I  INCH  =  I  FOOT 


CODE* 
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TOTAL  NO.  •  24 
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0- OTHER  PERFORATIONS 
TOTAL  NO.  -  0 
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WARHEAD  x)l5E3 
ROUND  NO.  1 
UNIT  NO.  17 

DATE  29  September  1959 
SCALE  I  INCH  =  I  FOOT 


CODE* 

□  -CUBE  PERFORATIONS 
TOTAL  NO.  -  26 
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ROUND  NO.  1 
UNIT  NO.  17 

DATE  29  September  1959 
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TOTAL  NO.  •  34 

■  -CUBE  PENETRATIONS 
TOTAL  NO.-  1, 

0- OTHER  PERFORATIONS 
TOTAL  NO.-  0 

•  -OTHER  PENETRATIONS 
TOTAL  NO.-  105 

ZONE  - 

TOTAL  NO."  "  - 


PLATE  NO.  C 


o’l 

— 2 

• 

•  • 

0  • 

•  . 

•  4 

.  5 

• 

• 

•  □  • 

a  ® 

• 

• 

7 

• 

3  • 

a 

8 

•  • 

9 

• 

•  0  • 

  .  .  A  ... 

.  10 

•  • 

•  • 

•  □ 

•  II 

a 

• 

• 

12 

i 

•  13 

•  • 

» 

• 

• 

14 

a  • 

• 

15 

• 

16 

• 

• 

a  •IT 

a  • 

• 

# 

•  'o® 

•  0 

• 

•  • 

• 

•  a 

• 

a  19 

• 

• 

• 

20 

•  • 

• 

• 

a 

.  22 

a 

1 

• 

23 

c 

a 

1 

•  25 

• 

•  • 

□ 

•  « 

H   

a  26 

• 

• 

27 

a 

a 

28 

•  • 

•  29 

•  a 

30 

a 

31 

a 

- 

,  -  3? 

a  ^ 

. . 

WARHEAD  XM5E3 
ROUND  NO.  1 

UNIT  NO.  17 

DATE  29  September  1959 
SCALE  I  INCH  »  I  FOOT 

I - 1 

CODE* 

0-CUBE  PERFORATIONS 
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WARHEAD  XM5E3 
ROUND  NO.  2 
UNIT  NO.  17 

DATE  29  Septenber  19559 
SCALE  I  INCH  =  I  FOOT 
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WARHEAD  XM5B3 
ROUND  NO.  1 
UNIT  NO.  17 
DATE  29  September  1959 
SCALE  I  INCH  =  I  FOOT 


CODE' 
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WARHEAD  ™5E3 
ROUND  NO.  2 
UNIT  NO.  16 
DATE  6  October  1959 
SCALE  I  INCH  »  I  FOOT 
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Analytical  Laboratory  Report  55-AL-153 
l8  November  1959 


Title ;  Fragmentation  and  Drop  Test  of  Warhead  XM5E3 
Project  No.!  PA-I/58/D77 


Prepared  for;  Bomb  &  Fragmentation  Branch,  Inf  &  Acft  V^ns  Div 


INTRODUCTION 


(c)  Static  detonation  of  two  XM5E3  Warheads  was  conducted  to  obtain  blast  and 
fragment  data  for  two  warhead  orientations.  The  warhead  longitudinal  axis  was 
parallel  to  the  ground  for  each  of  the  detonations.  The  position  of  the  fuze 
cavity,  idilch  was  on  top  for  the  first  detonation,  was  rotated  90°  from  the 
original  position  for  the  second  detonation. 

(U)  This  report  presents  and  evaluates  the  pressure  data  obtained  for  each  of 
the  two  detonations. 


INSTRUMENTATION 


(u)Pwo  types  of  Instrumentation,  one  photographic  and  the  other  electronic, 
were  used  to  obtain  blast  data.  The  photographic  technique,  referred  to  as  the 
"fence"  technique,  is  relatively  new  and  therefore  described  in  some  detail. 
Location  and  orientation  of  the  various  instruments  used  to  record  blast  are 
shown  in  Figure  2, Inclosed.  This  arrangement  is  a  slight  modification  of  the 
original  test  plan  presented  in  Inclosure  1. 

Pressure  Transducers 

(U)  Crystal  pressure  transducers  were  used  to  record  blast  pressure  as  a 
function  of  time  at  two  gage  locations,  identified  as  A  and  B  in  Figure  2. 

Output  of  the  transducers  was  recorded  on  35-nim  film  frtai  which  peak  overpressure 
and  shock  wave  velocity  were  derived. 

(U)  Calibration  of  three  pressure  gages  positioned  at  each  location  was 
acconpllshed  by  spanning  the  gages  with  a  pair  of  velocity  gages  which  recorded 
arrival  times  of  the  shock  wave.  Velocity  of  the  shock  wave  was  confuted  from 
the  arrival  times  and  converted  to  pressure  by  use  of  the  Rankine-Hugonlot 
eq\iatlon  which  expresses  pressure  as  a  function  of  velocity.  A  gage  constant 
was  then  ..found  ly  relating  the  pressure  derived  from  velocity  to  measurements 
of  the  pressure  trace  of  the  respective  transducer  in  terms  of  calibration 
deflection. 
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Fence  Method 
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The  fence  technique  was  used  locally  In  but  one  other  test,  and  in  that 
test,  pressure  levels  were  about  10^  of  those  emtlclpated  from  the  XM5E3 
warhead.  Therefore,  hl^er  camera  speeds  weire  required  (See  Incl  l).  This 
technique  was  Included  to  supplement  the  usual  instrumentation  (pressure  and 
velocity  gages)  because  erratic  pressxire-time  histories  had  been  obtained  on 
previous  testing  of  this  type  warhead. 

A  fence  consisting  of  equally  spaced  vertical  divisions  (ceQled  poles)  is 
photographed  by  Fastax  cameras  dxiring  the  passing  of  the  shock  front.  Light 
waves  passing  from  undlstu;pbed  air  to  the  turbulant  region  immediately  behind 
the  front  undergo  an  abrupt  change  in  direction.  This  phenomenon  appears  on 
the  film  as  distortion  or  deletion  of  successive  fence  poles  as  the  front  moves 
away  from  the  point  of  detonation. 

Three  fences,  one  8  feet  and  two  4  feet  long,  and  subdivided  into  3-lnch 
alternating  black  and  white  vertical  stripes,  were  placed  as  shown  in  Flgxire  2. 
Two  l6-mm  Fastax  cameras,  one  of  which  was  half-framed,  were  enqployed.  The 
line  of  sight  of  the  half-framed  camera  was  perpendicviiar  to  the  midpoint  of 
the  8-foot  fence,  while  the  line  of  vMght  from  the  other  camera  was 
perpendicular  to  the  edge  (nearest  the  warhead)  of  the  first  4-foot  fence. 

COMPUTATIONS 

The  Ranklne-Hugonlot  equation  was  used  to  compute  peak  overpressture  from 
velocities  obtained  with  velocity  pickup  gages  dxiring  both  the  calibration  and 
warhead  detonations.  Shock  velocities  computed  from  the  fence  technique  were 
allso  converted  to  pressure  by  use  of  this  equation. 


1  \ 

1  V+  K 

f  -^1 

[  y  *  1  I 

'  Vo 

/ 

-• 

Where: 

Ps  m  peak  overjaressure  (psi) 

Pq  c  local  atmospheric  pressure  (psi) 
y  a  specific  heats  for  air  (1.4) 

V  ■  velocity  of  shock  wave  (fj)s) 

K  -  correction  for  effect  of  wind,  taken  for  each  detonation  (fps) 
2  local  of  speed  of  soxuid  (f^s) 
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A  gage  constant  was  calculated  for  each  pressiire  gage  on  each  calibration 
detonation  In  the  follovlxg  manner 


Ka  s 


c  V  k 


vhere 

s  gage  constant  ( /ft  o/psl) 
c  ■  calibrating  capacitance  ( M  ^ ) 

V  z  voltage  (O.l  volts) 

k  z  peak  deflection  measurement 

Dp  -  peak  deflection  from  shock  velocity  (psl) 

Dq  s  calibration  deflection  measurement 


Shock  velocities  are  normal  ly  obtained  from  the  fence  technique  in  the 
following  manner.  Figure  1,  illustrates  the  field  setup  for  the  fence  technique 
computation  for  the  l^mm  full-frame  camera.  The  distances  are  not  scaled, 
as  the  sketch  is  Intended  only  as  a  guide  for  following  the  velocity  computations. 
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Figure  1 
Field  Set-l?p 
for 

Fence  Velocity  Method 


%  Fence^  R2  R^^ 


a,  b,  e,  d:  Defined  In  diagram 
Rj>  ■  pole  distance  from  Ri 

-  radius  of  shock  wave  at  t^ 

tj^  -  arrival  time  of  shock  wave  at  r^^ 
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0  ■■  tan  ”  tan“^  ( — — )  for  l^m 

a  ^  a+d 

1  g  b+R^  .  . 

O4  =  tan“^  ( - i — )  for  l2:m 

^  a+d 

TjL  “  h  sin  (0  -  Oj^)  for  l^m 
=  h  sin  (0  +  Oj.)  for  i2m 

A  Ti  -  Ti  -  r^.i 


d  r. 


AtjL 


^i=^i-l 

^i-^i-X 


»  average  velocity 


r[  -  1/2  (r^  + 


••  radius  of  shock  at 


(U)  The  above  method  could  not  be  directly  applied  to  this  test  because  of 
Interference  of  eua  unexpected  Jet  front  vhich  developed  (See  discussion  in 
Results),  preventing  iaeasvirements  needed  for  accinrate  calcvtlatlon  of  the 
radii,  ri  and  A  rj^.  It  was  possible, however,  to  estimate  A  ri  with  reasonable 
accuracy  directly  from  the  Fhstax  film.  The  movement  (in  units)  of  the  shock 
front  between  successive  fz^es  was  measured  on  the  film  and  calibrated  by 
a  film  constant  (4t  per  unit)  to  obtain  A  ri  (ft),  ^e  use  of  llneeor  film 
constant  introduced  a  bias  into  the  Arj^.  '  The  effect  of  this  bias  is  discussed 
in  the  results. 


RESULTS 

(C)  Ebcaminatlon  of  the  film  records  showed  that  a  Jet  probably  consisting  of 
extremely  hot  gases  and  burning  particles  of  explosive  was  emitted  in  the 
direction  of  the  gage  stands  immediately  after  detonation.  The  center  of  this 
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moving  mass  was  located  half  way  up  the  fence^  10  feet  above  the  ground,  at 
about  the  same  height  as  the  gage  cluster  (See  Figure  3)»  The  brightness  of 
the  Jet  overexposed  the  portions  of  the  film  Immediately  bordering  the  Jet 
front,  thereby  preventing  acciurate  reduction  of  Its  velocity  as  a  function  of 
fence  distance.  However,  It  was  possible  to  estimate  velocity  of  the  Jet 
from  the  first  few  frames  In  which  the  front  silhouetted  the  beginning  of 
the  8-foot  fence.  This  velocity  tos  between  2500-3000  fps.  The  Jet  stream 
slowed  down  considerably  before  traveling  the  12-foot  distance  to  the 
beginning  of  the  first  ^foot  fence. 


(c)  Formation  of  a  shock  front  was  not  evident  on  the  film  until  the  Jet 
front  had  traversed  the  8- foot  fence.  At  this  time,  a  shock  wave  began 
forming  In  the  top  and  bottom  quarter  of  the  fence  at  approximately  the 
beginning  of  the  fence,  (The  20- foot  height  of  the  fence  was  divided, 
vertically.  Into  foiur  sections  by  horizontal  cross  bars.)  In  other  words, 
the  formation  of  a  shock  wave  trailed  the  Jet  front  by  6  to  8  feet,  but  as 
the  front  moved  away  from  the  detonation,  shock  wave  formation  became  clearer. 

(C)  Initially,  the  slope  of  the  wave  was  quite  sharp,  making  a  30°  to  40° 
an£^e  with  the  horizontal.  As  the  wave  moved  laterally  away  from  the  beginning 
of  the  8-foot  fence,  this  angle  increased,  until,  at  some  greater  distance,  the 
shock  wave  would  appear  perpendicular  to  the  horizontal.  This  results  because 
the  detonation  of  the  warhead  emits,  for  sill  practlcsil  purposes,  a  spherlcsil 
shock  front.  As  the  diameter  of  the  sphere  Increases,  the  curvature  of  the 
arc  which  is  seen  against  the  targets  decreases, 

(C)  Hiotographs  of  the  second  detonation  (Figure  3)  show  the  sequence  of 
events  mentioned  above,  A  second  shock  front,  opposite  In  orientation  to  the 
first,  is  also  visible.  This  Is  the  reflected  wave  (initial  wave  reflected 
off  the  ground)  which  eventually  overtakes  and  Joins  the  Initial  wave  some 
distance  beyond  the  fences. 


(C)  Pressure  data  obtained  from  each  of  the  three  methods  enq)loyed  for  the 
two  warhead  detonations  are  presented  In  Tables  I  and  II.  A  discussion  of 
the  measTirements  and  an  evaluation  of  the  data  follow  the  tabiiler  presentation. 
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Pressure  and  Velocity  Gages 


Table  I, 

Peak  Pressiire^  psl 

,  Derived  fran  Pressure  and  Velocity  Gages 

Gage 

Gage,  and  Position 

Location 

on  Gage  Stand 

Detonation  1 

Detonation  2 

A 

Velocity 

74,5 

92,3 

Pressxire 

(top) 

7.2 

18,8 

Pressure 

( center J 

27.3 

22,0 

Pressxire 

(bottom) 

29,2 

20,5 

B 

Velocity 

(top) 

58,2 

110,7 

Pressxire 

20,2 

19.5 

Pressxire 

(center) 

38.3 

19.2 

Pressure 

(bottom) 

34,1 

18,6 

(c)  The  pressure  tjraces  for  all  pressxire  gages  at  position  A  were  erratic  and 
oscillatory.  It  Is  quite  prohahle  that  this  x>osltlon  was  engulfed  "by  flame 
or  heat  at  about  the  time  the  shock  wave  arrived.  The  crystals  used  In  these 
pressure  transducers  react  adversely  to  heat.  Except  for  the  values  obtained 
from  the  top  pressxrre  gages  for  detonation  1,  there  appears  to  be  good  agree¬ 
ment  among  pressures,  by  position, 

(C)  The  pressxires  computed  from  velocity  gages  8o:e  not  valid.  As  discussed 
above,  the  shock  front  did  not  traverse  the  pedr  of  velocity  pick-up  gages 
normally,  l,e,,  the  shock  wave  did  not  move  as  a  plane  normal  to  the  line 
Joining  the  gages.  The  difference  between  times  of  arrival  at  the  two  gages 
did  not  correspond  to  the  travel  distance  of  the  shock  front  equal  to  that 
distance  between  gages.  Unfortunately  the  actual  travel  could  not  be  caiiq)uted 
from  the  Fastax  film  because  the  shock  front  In  the  vicinity  of  the  velocity 
gages  was  obscxired  by  the  Jet,  Pressxires  ccmputed  from  the  velocity  records 
have  been  Included,  however,  to  point  out  the  pitfall  of  accepting  data  on 
the  basis  of  film  records  of  velocity. 

Fence 

Table  II,  Pressxire,  psl,  derived  by  the  Fence  Technique 


Detonation  No,  1  Detonation  No,  2 


Time,  ms 

Pressxire,  psl 

Time 

,  ms 

Pressure 

!,  psl 

16-mm 

8-inm 

16-inm 

8-mm 

l6-inm 

6,46 

45,0 

6.93 

32.3 

5.43 

35.0 

7.39 

7.00 

32,3 

30,2 

5.89 

41,3 

7.85 

7.51 

27,6 

29.2 

6,35 

35.9 

9.80 

17.6 

6,81 

28,9 

10,31 

15.8 

10,82 

12,5 

11.33 

13.3 

l4,64 

10,9 

15.15 

7.7 

15.66 

2,7 

16,16 

5.6 

16,67 

6,3 
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(C)  Pressure  data  from  the  fence  technique  is  very  limited  for  detonation  No. 
1.  Lack  of  sunlight  because  of  cloudy  and  overcast  sky  at  the  time  of  this 
detonation  reduced  the  nvunher  of  observations  available  from  the  Fastax  film. 
No  shock  wave  refraction  was  discernible  for  the  8-mm  film  and  only  a  few 
values  were  obtained  at  the  beginning  of  the  fence  from  the  l6-mm  film. 
Observations  were  available  from  both  the  8-mm  and  l6-mm  film  for  the  second 
detonation.  The  agreement  of  pressure  values  between  these  cameras  is  very 
good. 

(c)  The  fences  wre  constructed  so  that  the  center  of  the  fence  would  be  at 
the  same  height  as  the  center  of  the  warhead.  This  was  accomplished  so  that 
first  observations  of  shock  arrival  for  each  pole  would  appear  at  the  middle 
of  the  fence.  However,  as  the  Jet  front  and  flame  prevented  observation  of 
the  arrival  of  the  shock  as  a  function  of  distance,  it  was  preferable  to 
present  overpressure  data  as  a  function  of  time  rather  than  distance.  In 
this  computation  (see  "computations"  above)  the  selection  of  a  linear  constant 
would  cause  an  error  of  about  'l’f>  in  velocity  data  measured  near  the  start  of 
the  fence  and  slightly  higher  lopther  along  the  fence.  This  would  correspond 
to  about  an  error  of  8  psi  on  the  high  side  ■vdiere  the  calculated  pressure 
was  1*0  psi  and  7  psi  :^wiiere  the  calculated  pressure  was  20  psi.  However,  in 
view  of  the  approximate  nature  of  the  velocity  data,  no  actual  correction 
was  made  to  the  results  appearing  in  Table  II. 

(C)  Evaluation  of  Results 

(c)  A  question  now  arises  as  to  the  validity  of  data  obtained  with  the 
pressure  transducers  because  of  differences  in  pressure  levels  between  the 
two  detonations.  It  will  be  shown  that  the  pressure  obtained  from  the  fence 
technique  and  those  measured  with  gages  on  the  first  test  closely  approximates 
conq)Uted  theoretical  pressures  for  the  XM5E3  warhead. 

(C)  It  is  not  known  to  what  degree  the  Jet  front  enveloped  and  affected  the 
pressure  gages,  but  it  is  suspected  that  the  difference  in  pressure  level 
between  the  two  detonations  is  affected  more  by  the  Jet  stream  than  warhead 
orientation.  It  is  not  conceivable  that  a  90°  difference  in  fuze  cavity 
orientation  would  cause  a  halving  of  pressure  the  same  distance  for  the 
warhead.  Additionally,  the  center  of  the  Jet  mass  was  moving  down  the  center 
of  the  fence  for  the  first  detonation  and  several  inches  above  the  center  for 
the  second  detonation. 

(c)  The  effective  weight  of  propellant  in  the  warhead  in  pounds  of  spherical 
pentolite  was  computed  using  technical  data  promulgated  in  NAVORD  Report  No. 
2753*  This  computation  shows  the  propellant  in  the  warhead  can  be  represented 
l5y  53  pound*  of  pentolite.  Peak  overpressure  20  feet  from  a  detonation  of 
53  povinds  of  spherical  pentolite  would  be  29  psi.  It  is  shown  below  that 
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the  fence  data  justifies  this  value  and  that  the  propagation  of  the  blast 
vave  from  the  warhead  was  similar  to  that  expected  from  theoretical 
considerations* 

(c)  Considerable  testing  has  been  accomplished  for  static  detonation  of 
bare  spherical  charges  of  pentolitep  These  data  have  been  summarized  in  the 
form  of  graphs  expressing  pressiire  as  a  function  of  arrival  time  of  shock 
wave*  Theoretical  press\ires  were  computed  over  a  time  interval  spanning 
the  observations  obtained  from  all  fence  data  from  both  detonations,  usix>g 
53  pounds  of  spherical  pentolite  as  the  equivalent  weight  for  the  warhead 
detonation#  For  comparison,  both  theoretical  and  observed  fence  pressure 
were  plotted  as  a  function  of  time  in  the  enclosed  chart.  It  is  interesting 
to  note  that  at  t  m  5*6  ms,  the  ejrrlvol.  time  corresponding  to  a  distance  of 
20  feet,  the  pressure  from  the  fence  data  is  12  psi  greater  than  the 
theoretical  pressure#  In  the  preceding  discussion  it  was  mentioned  that 
selection  of  a  linear  constant  would  result  in  an  error  of  about  8  psi  on 
the  high  side  at  a  calculated  pressure  aroimd  ^0  psi.  Thus  a  pressure  of 
about  30  psi  at  a  distance  of  20  feet  from  the  detonation  appears  reasonable 
from  theoretical  calculations  backed  up  by  evidence  from  the  fence  data# 
Pressures  measured  for  detonation  No.  1  were  in  this  order. 

CONCLUSION 

(c)  The  fence  technique  indicates  blast  pressxire  20  feet  from  the  detonation 
of  Warhead,  XM5E3,  is  about  30  psi#  The  data  evolved  from  the  pressure  gages 
were  influenced  by  their  particular  orientation  with  respect  to  the  jet 
stream.  If  measurements  could  be  made  20  feet  from  the  detonation  at  locations 
other  them  the  area  of  the  jet  stream,  the  pressure  expected  would  be  in  the 
order  of  30  psi# 


REC0I4IiSNDATI0N 

(C)  In  future  detonations  of  the  XM5E3  Warhead,  blast  measxirements  should  be 
made  at  distances  greater  than  20  feet,  or  at  *a  distejice  beyond  the  jet  front# 
Having  made  accurate  pressure  determinations  at  a  given  distance,  edditional 
pressure  values  can  then  be  calculated  for  Offaher  desired  distances# 


(C)  The  fence  velocity  technique  should  be  used  in  addition  to  pressure 
transducers  to  obtain  blast  data  for  all  future  testing  of  X145E3  Warhead# 
This  is  the  second  occasion,  in  as  many  tests,  that  the  technique  has  been 
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usefully  employed.  In  addition  to  obtaining  pressure  data,  the  technique 
allowed  observations  of  the  Jet  front  which  were  heretofore  not  available. 
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ntCM  -Chiefs  Matbcmatiea  Section,  Analytical  Laboratory 
SUBJECT:  Test  flan  -  XM3  Vaxbead  Static  Detonation 

(u)  1.  This  test  vas  initiated  to  obtain  infonrtation  about  the  blast  and 
ftraenentation  characteristics  of  the  XM3  ttarhead.  The  instruaental  setiqp  and 
test  procedure  outlined  herein  pertain  oxily  to  the  blast  portion  of  the  test. 

Ho  interference  is  foreseen  betveen  these  requirezaents  and  reqoirenents  relating 
to  the  fragmentation  portion  of  the  test. 

(C)  2.  Two  warheads  will  be  detonated,  one  placed  with  its  longitudinal  axis 
to  the  ground,  and  the  other  with  its  longitudinal  axis  perpendicular 
to  the  ground.  /  As  requested  in  the  test  dizoctiTu,  blast  will  be  Deasured  at  two 
positions  20  feet  from  the  center  of  the  warhead.  Oages  will  be  placed  at  positions 
15^  on  either  side  of  the  projection  of  the  longitudinal  axis  for  the  warhead 
placed  paranal  to  the  ground,  hereafter  referr^  to  as  Line  A.  Gages  will  remain 
at  the  sane  positions  for  the  detonation  of  the  other  warhead.  It  is  reeemnended  . 
that  blast  neasurenents  be  accoomllahed  by  two  methods;  a)  with  pressure  transducers 
and  Telocity  plc]nq;>  gages,  and  b)  a  new  method,  employing  Tastax  cameras,  referred 
to  as  the  "fence-Telocity"  technique. 


(c)  3*  Blast  Pressure  Transducers: 


a.  Two  stands,  each  supporting  two  poressure  gages  and  a  jmir  of  Telocity 
pickup  gages,  will  be  positioned  approximately  22  feet  from  the  center  of  the 
warhead.  The  center  of  the  sensing  element  of  the  pressure  gages  should  be  20 
feet  from  the  center  of  the  charge  and  the  Telocity  span  should  be  between  3  and 
5  feet.  Free  air  measurements  are  to  be  realized,  and  as  the  center  of  the 
warhead  is  10  feet  abors  the  ground,  the  pressure  transducers  should  also  be  about 
10  feet  abOTs  the  ground.  FTag  poles  should  be  used  to  protect  the  Instruments 
from  flying  debris  during  the  warhead  detoxuition.  It  is  anticipated  that  peak 
OTsr  pressure  will  be  about  3^  psl  and  shock  welocity  2000  fps  in  the  wleinlty 
of  the  pressure  transducers. 

(U)  k,  Fanoe  Yelocity- Technique : 

a.  The  blast  ware  emitted  from  the  detonation  will  be  photogragphed 
by  two  lUstax  cameras,  2B0  feet  from  line  A.  The  shock  ware  will  be  photographed 
with  the  aid  of  three  fences,  20  feet  beyond  and  parallel  to  Line  A.  All  fences 
will  be  20  feet  hlgh,wlth  one  6  feet  and  the  other  two  h  feet  wide.  See  inclosed 
diagram  for  fence  design  and  detailed  measurements. 
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b.  A  distance  greater  than  3^  feet  betveen  eaaera  locations  and 
fence  is  desirable,  but  the  terrain  at  the  test  site  limits  the  choice  of  distance. 
8<4nm  ATul  l6-iisa  cameras,  both  equipped  vlth  ^Inch  lenses,  should  be  utilized  for 
photogrc^hlng  the  shock  fiont.  The  line  of  sight  for  the  S-ma,  C-1,  should  be 
perpendicular  to  the  8-foot  fence  at  the  midpoint.  This  camera  shohLd  be  tilted 
90^  about  the  optic  axis  to  allov  full  fence  coTerage,  30  feet  vertically  and 
11.2$  feet  horizontally.  The  line  of  sight  for  the  lS>ii3!i  camera,  C-2,  thoald  be 
perpendicular  to  the  first  i^-foot  fence  at  the  edge  nearest  the  varhead.  This 
cazssra  vlll  cover  all  fences,  both  vertically  and  horizontally.  Both  cameras 

be  oriented  such  that  the  optic  axis  vlll  be  approadnately  10  feet  above 
the  grotnsd  at  the  target.  Approximate  ftraming  rate  desired  is  10,000  fJrames  per 
second  for  the  8-inm  $000  tresos  per  second  for  the  iS-mnu  Bath  cameras 
should  be  started  by  the  sequence  timer  nyuS  allowed  to  attain  nmnlnnl  framing 
rate  before  shock  vave  arrival.  As  the  time  during  which  the  cameras  are  viewing 
the  effect  of  shock  vave  on  the  fence  is  small,  as  much  as  60^  of  the  film  can  be 
expended  (80  of  100  feet)  before  detonation  occurs. 

$.  Calibration: 

a.  Five  20-pound  charges  of  spherical  pentollte  should  be  made 
available  for  gage  calibration  «y<d  camera  checkout.  The  center  of  each  charge 
should  be  placed  10  feet  above  the  ground  along  Line  A,  and  13  feet  from  the 
center  of  the  blast  gages.  Fastax  coverage  will,  also  be  provided  during  the  gage 
calibration  phase.  It  is  recommended  that  not  more  than  tvo  charges  be  detonated 
on  the  first  day  and  that  the  film  be  processed  and  submitted  to  the  Analytical 
Laboratory  for  study  before  any  additional  charges  ere  detonated.  Upon  ccmpletiem 
of  Investigation  of  the  first  tvo  rounds,  this  Laboratory  will  reccnrrnni  changes 
if  necessary  to  latprove  data  acquisition. 

b.  Two  additional  charges  should  then  be  detonated  prior  to  the  vaxheaA.' 
detonation.  The  fifth  calibration  charge  should  bo  datonnted  Immndiately  after 
the  second  voihscd  detonation.  Fastax  coverage  should  not  be  neeossary  duflng 
this  last  calibration  detonation. 

e.  Two  extra  pressure  transducers,  in  addition  to  the  four  to  be  used 
during  the  test,  should  be  calibrated  with  the  bare  spherical  charges.  Since 
there  is  a  chanM  of  gage  damzige  on  the  first  varhead  detonation  from  fragments, 
spare  gages  should  be  available  for  the  second  varhead. 
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